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CHAPTER I. INTRODUCTION 
There is a growing concern among public groups and governmental 
authorities about deterioration of environmental quality and depletion 
of natural resources. This concern was expressed by President Theodore 
Roosevelt when he proclaimed an environmental ethic for America (17, p. V). 
He said : 
I recognize the right and duty of this generation to develop 
and use our natural resources; but I do not recognize the right 
to waste them, or to rob by wasteful use, the generations that 
come after us. 
In August 1970, President Nixon's message to the Congress (15, p. XV) 
he said: 
At the heart of this concern for the environment lies our con­
cern for the human condition: for the welfare of man himself, now 
and in the future. As we look ahead to the end of this new decade 
of heightened environmental awareness, therefore, we should set 
ourselves a higher goal than merely remedying the damage wrought 
in decades past. We should strive for an environment that not 
only sustains life but enriches life, harmonizing the works of 
man and nature for the greater good of all. 
This concern about environmental quality is a clear indication of 
the complexity of the problem and the forces that are in action to 
influence environment. There are many forces that influence environmental 
conditions. Some of these factors are physical such as — population, 
food supply, resources, industrial growth and pollution. Others are 
related to technology, government policy and other economic and social 
factors. All these factors are closely interrelated and they directly 
help shape current and future environment. The interrelationships can 
show that population in part determines the availability of food and 
resources, industrial growth, and the degree of pollution. And in turn 
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each of these factors can influence the level of population (17). The 
second annual report on environmental quality (16) indicated that environ­
mental problems in large measure are the result of market failure to 
reflect the cost of environmental damages. 
Under perfect competitive market structure when total production 
costs are included in the prices of final products, the market allocates 
resources efficiently. The costs to society of environmental degradation 
are not included in these total costs, and as a result the prices of 
products are too low. Consequently, consumption of products that are 
under-priced is higher than it would be if all costs were included. This 
high consumption of under-priced products shifts resource use to their 
production rather than to other uses. 
Professor Timmons (90, p. 2) expressed his concern as follows: 
As our society becomes more complex and complicated through 
population growth, distribution of people and their activities, 
increased per capita affluence and expanding applications of tech­
nology, there arise many serious problems of congestion, resource 
depletion, and environmental deterioration. 
This statement suggests competition between economic growth and 
environmental quality that can be expressed in terms of how much economic 
growth should be sacrificed to achieve a certain level of environmental 
quality. Or, expressed differently, how much environmental quality can 
be sacrificed to obtain a desirable level of economic growth. It is 
important to realize that there may be costs associated with any decisions 
for improving environmental quality. Timmons and Cormack (91, pp. 5-10) 
concluded that: 
Our nations presently face a serious crisis of land resource 
exploitation and environmental pollution. Unless strong measures 
are taken by our society to solve these resources and environmental 
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problems, the strength, vitality and progress of our communi­
ties, regions and nations are in jeopardy .... The mood for 
change is present. The process of change will be difficult. 
As emotional support for improving our land resources and 
environment presses upon vested interests of both consumers 
and producers in resource exploitation and pollution, the 
mood and support for change may well disintegrate. 
The effect on producers can be shown through increased costs of pro­
duction per unit of output. If the producer cannot shift this increased 
cost to consumers, his profit may decline to the level that might force 
him to reduce or cease production. In either case, unemployment would 
arise and the prices of output may increase to reflect the increased 
costs. When this takes place, voluntary support and enthusiasm for en­
vironmental improvement by public groups may diminish unless improvement 
policies and programs are founded on and supported by facts and unless 
these facts are widely understood and accepted, or at least tolerated by 
citizens, Timmons (90, pp. 10, 11). 
This study was undertaken to provide information on the interrela­
tionships between improving resource use, employment opportunity and 
environmental quality. The study was undertaken within a river basin in 
central Iowa. 
Statement of the problem 
In most economic activities, joint production of desired and undesired 
commodities occur. For example in the production of the desired agricul­
tural products, undesired products may arise in the form of sediment 
created by soil erosion. Sediment in natural streams increases turbidity 
(80) and introduces undesired chemical agents (76, p. 4). Generally, the 
aesthetic quality of the stream is reduced by sediment along with the 
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quality of the habitat for fish and other original water life. In 
situations involving jointness^ of desirable commodities and lower 
environmental quality, consumers have no incentive to reveal their true 
preference. Thus because of jointness neither market nor non-market means 
generally will achieve pareto optimality in the provision of public goods, 
Hulett (39, p. 65). 
An example of the impact of sedimentation on the aesthetic quality 
of a stream and on its habitat can be seen along the Skunk River in 
central Iowa which was known in the past as one of the finest fishing 
areas in the state. Fishing has declined to some extent in recent years 
owing to increasing pollution and sedimentation (40, p. 29). Sediment 
also has the tendency to reduce the storage capacity of reservoirs. 
C. W. Farnham (22) found that the amount of sediment deposited in reser­
voirs is highly correlated with the computed gross erosion, Gottschalk 
and Brune (29) showed that reservoirs may lose between 1.2-33.9 percent of 
their storage capacity annually because of sedimentation. 
The above reasoning emphasized the need for joint management of 
natural resources and the natural environment to satisfy man's demand for 
goods and services. Soil and water are among the most important natural 
resources in the State. %he quantity of water and the existing cultiva-
table acres do not indicate that they are in short supply, but the impact 
^Jointness occurs when a single "public" good may be consumed by more 
than one individual (i.e., environmental quality) while joint supply refers 
to the case in which two or more tradeable private goods are provided from 
the same production unit (e.g., wool and mutton). 
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of soil erosion on soil productivity and farmafaility is growing in 
seriousness and along with it water quality is deteriorating. 
The Iowa Conservation Needs Committee (45), concluded that protec­
tion, use, maintenance and improvement of the land and water resources 
of Iowa is of the highest priority in the interest of providing adequate 
food, forest products, recreation and wild life resources now and in 
the future. 
Concern over the general ability of land as a place to live and 
to produce more of the desirable commodities and less of the undesirable 
products has frequently been indicated. For example, recent conferences 
on land use policy have raised a question with respect to the role of 
soil conservation practices to control erosion, reducing sediment loads 
in streams and leading to improvement in environmental quality. 
Another question which is related to the efficiency of soil and water 
conservation deals with reduction in flood damage. Of particular 
interest in this study is the extent to which soil conservation 
practices can be substituted for more expensive structures which take 
the common form of large flood control dams. 
In order to understand how these environmental deterioration 
problems arose in the past, and in what context the study should be 
conducted at present, it will be useful to consider the pattern of 
past development. 
Historically, population concentration and economic activities have 
developed along rivers and waterways. Agriculture was the first economic 
activity practiced by mankind to produce food and fiber. Soil and 
water were the major resources utilized in this production process. The 
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interaction between soil and water has produced erosion, and sediments, 
which have been carried to streams through surface run-off. Later on 
industry was developed along the river basins and has contributed to 
reduced water quality by the discharge of their wastes into free-flowing 
streams. 
Thus it can be seen from historical developments that river basins 
are the natural spatial unit for studying economic activities in relation 
to their impact upon the quality of environment. As the number of people 
increased, their demand for the desired commodities from the agricultural 
and manufacturing sector increased and jointly or associated with these 
desirable commodities, undesirable commodities increased and led to the 
deterioration of environmental quality because of the market failure to 
reflect the cost of environmental damage. 
"To prevent further deterioration of environmental quality and re­
acting to public discussions and pressures, local, state, and federal 
governments are striving to articulate and ameliorate land use and en­
vironmental problems," (90, p. 196). An example of this type 
of effort is Iowa's new conservancy districts and soil loss limit 
regulations, (48). The major points of Iowa conservancy 
policy are: (1) The state policy is to preserve and protect the public 
interest in the soil and water resources of this state for future genera­
tions; (2) Measures to preserve and protect soil and water resources in­
clude - but are not limited to - control of floods, control of erosion, 
by water or wind, preservation of the quantity or quality of water for 
its optimum use for agricultural, irrigation, recreational, industrial 
and domestic purposes; (3) The Conservancy District law charges 
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commissioners of the 100 Iowa Soil conservation districts with establish­
ing and administering regulations limiting rates of soil erosion on land 
in the district.^ Cost sharing was suggested at the level of 75 percent 
2 
of the cost of installing any permanent soil and water conservation 
practices. 
The suggested soil loss limits and the level of cost sharing to 
avoid damages will be considered as public norms in this study and evalua­
tion of the aggregate income within the range of soil limits and the cost 
of deviations from these norms will be evaluated. 
Objectives of the study 
In delimiting and analyzing the previous statement of the problem, 
the following study objectives may be developed. The general objective 
of this study is to determine the optimal mix of activities that will 
provide maximum net income without endangering the quality of the environ­
ment as specified. Specific objectives of this study are: 
(1) To determine the optimal mix of activities at quinquennial 
time periods, 1970-1985, in agricultural and industrial 
sectors subject to environmental constraints. 
(2) To determine the impact of particular land use policies and 
programs with respect to financing soil conservation practices. 
^The suggested soil loss limits vary from 1-5 tons per acre per year. 
2 Permanent soil and water conservation practices include the planting 
of perennial grasses, legumes, the establishment of grassed waterways, 
the construction of terraces or other permanent practices. 
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(3) To determine to what extent soil conservation practices are 
a substitute for or are complementary to large dam construc­
tion. 
(4) To develop and apply a methodology in pursuing the above 
objectives. 
(5) To formulate recommendations with respect to improved re­
source use in the study area. 
(6) To point out the need for further research in the study 
area and similar river basins necessary to overcome limita­
tions encountered in this study. 
Procedure of study 
In pursuing the above study objective, the following procedures 
will be used; a) delineation of the study area, b) development of a linear 
programming model that is capable of achieving each of the study objec­
tives at various points of time over the study period 1970-1985, c) 
determination of data need and sources, d) evaluation of results in line 
with the objectives of the study, and e) discussion of study limitations 
and needs for further research. 
Organization of the study 
In the first chapter the concepts of environmental quality and its 
competitiveness with economic growth are developed. In addition, the 
objectives of the study are stated and the procedures to be used are 
out1ined. 
Chapter II discusses the meaning of a region, regional economics and 
regional planning. Also the needs for regional delineation and various 
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approaches to regional delineation are considered. Finally, the reasons 
for selecting the particular study region are discussed. Chapter III is 
devoted to the demographic sector. The historical background of popula­
tion trends are discussed and utilized to predict future trends. Further­
more, the importance of the demographic sector as a source of labor 
supply in the region and also as consumers of the region's output are 
illustrated. Finally available data of the labor forces and their 
employment by various industries during the period 1940-1970 is utilized 
to estimate future employment by various industries up to the year 1985. 
Chapter IV covers natural resources available in the study area such 
as soils, water, forests, minerals and capital available in its various 
forms. Thus Chapters III and IV provide needed information with respect 
to human resources, natural resources and capital in the region. 
The model is developed in Chapter V and applied to the study region 
delineated in Chapter II. This Chapter (V) is devoted to the identifi­
cation of the objective function to be maximized subject to resource 
availability as found in Chapters III and IV, and environmental quality. 
Coefficients needed for the application of this model to the study 
region are determined through procedures given in Chapters VI and VII. 
Chapter VI is concerned with soil erosion, flood damage, and soil conser­
vation efficiency to reduce such damage. Chapter VII is concerned with 
the coefficients of production for the existing economic activities in 
the study region. Chapter VIII presents the results of the study. These 
results are presented as changes in land use, aggregate income, total 
employment under alternative policies and different assumptions. 
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The conclusions, implications, limitations, recommendation for 
further research and summary of the study are presented in Chapter IX. 
Finally, physical data will be presented in Appendix A and the data 
results of the study will be presented in more detail in Appendix B. 
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CHAPTER II. THE RIVER BÀSIN STUDY REGION 
The region used for the empirical analysis of this study is the 
Skunk River Basin located entirely in Iowa (Figure 2.1). 
This area was selected for two reasons. First, considerable data 
were available with respect to land and water resources in the basin. 
These data were needed to apply and test the model. Second, the proposed 
Ames reservoir is located on the Skunk River. This project has been 
proposed to serve the region by reducing flood damage, enhancing water 
quality and providing recreational services for the near-by communities. 
Location of the study region 
The Skunk River Basin extends from near the center of the state to 
the Mississippi River in southeastern Iowa (Figure 2.1). It is bounded 
on the northeast by the Iowa and Cedar River basins, and on the west 
and southwest by the Des Moines River basin. 
The Basin, which includes parts of 20 counties, is long and narrow 
having an overall length of 180 miles and average width of 24 miles. The 
total drainage area of the basin is 4,355 square miles, about 7.7 percent 
of the total land area of the state. 
The Skunk River begins in Hamilton county and flows in a south­
easterly direction, joining the Mississippi River about 10 miles down­
stream from Burlington, Iowa. The largest tributary stream is the North 
Skunk River with a drainage area of 869 square miles. It joins the Skunk 
River in Keokuk County. Other tributaries having drainage area in excess 
of 200 square miles are Cedar Creek, Crooked Creek, Indian Creek, and 
Squaw Creek. 
LOCKTION MAP 
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Figure 2,1. Skunk River Basin study region (40, p. vl) 
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General characteristics of the study region 
A brief description of major characteristics of the basin follows. 
Detailed discussion of the demographic sector and resources of the basin 
is provided in chapters III and IV. Economic activities and their 
spatial distribution are given in Chapter VII. 
Demographic sector The total basin population has been gradually 
increasing since 1910, owing to a rapid expansion in urban population 
which offset a gradual decline in the region's rural population. The 
region achieved equal levels of urban and rural population about 1967 
(Figure 3.3). Since that time the gap between the two communities has 
been widening, and this trend is expected to continue, at least to the 
year 1985. This trend is the main reason for the large increase in 
population of the major cities. For example, Ames increased in popula­
tion by more than 70 percent during the period 1950-1970. 
Resources of the basin Soil and water are the principal natural 
resources found in the basin. Forests and mineral resources, such as 
gravel, clay, and coal are of importance in local areas where they have 
been developed, but soil is undoubtedly the most important single 
resource in this predominantly agricultural basin. The economic develop­
ment of the basin is therefore associated with developments in the 
agricultural sector. Maki (61) projected an increase in agricultural 
production through an increase in the application of modern technology. 
Industrial processing of this increased amount of agricultural production 
was noted to be a major factor for industrial expansion in the basin. 
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A survey of the existing manufacturing establishments in the basin 
is given in Table 7.8 which shows that there are 591 establishments in 
the region of which 97 establishments are in food and kindred products, 
an agricultural oriented industry. Another observation that can be made 
from this table with respect to the size of establishments is that 69 
percent of the businesses are small scale with an average employment of 
1-20 workers per firm. 
After clarification of some of the concepts related to this study 
such as the meaning of a region, region economics, regional planning, and 
finally the relationship of regional planning to growth theory, the pro­
cedure of area delineation will be discussed. 
The meaning of region, regional economics and regional planning 
The definition of a region is not unique because a region may mean 
different things to different people. For example, some people think of 
a region as one containing a common natural resource or population of 
the same origin. Others may conceive of a region as a political unit, 
where it can be a county, or a state. In the United Nations the concept 
of a region may be more than one country, i.e., the "Middle East" region. 
Regional economics on the other hand is the study of man's economic 
behavior in a particular spatial area. It analyzes economic processes in 
a spatial setting and inquires into the structure of the economic land­
scape. The explicit consideration of the dimension of space leads to the 
following five main problem areas of regional economics (79). 
1. The distribution of economic activities over space. 
2. Regional delineation. 
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3. The interaction between regions expressed in the form of 
resource mobility (i.e. , commuting labor) or exchange of 
commodities. 
4. Interregional optimum or equilibrium analysis. 
5. Regional economic policy-activities which attempt to influence 
economic behavior in a spatial setting. 
Regional planning is a broad concept defined only by the regional 
planner according to his objectives. The term regional planning is 
therefore not very clear. Some of the problems involved are related to 
one type of planning - Is it overall planning of all man's activities 
or planning for a specific purpose? - (i.e., planning for production, 
distribution, transportation, higher environmental quality, etc.). Also 
it is related to planning horizon which might be for a short-run period 
or a long-run period. The optimal planning horizon may be dictated by 
economic reasoning or by political incentives, or both. Political 
forces usually have a short-run planning horizon. 
Regional planning and growth theory Traditionally regional 
growth theory has used two approaches for the analysis of growth determi­
nants in a region. The first approach follows Keynesian tradition and 
stresses the increase in aggregate demand by formulating multiplier 
accelerator models. The second approach is supply-oriented and analyzes 
the increase in the production capacity of an economic system. These two 
approaches are not complete alternatives in the sense that one excludes 
the other. An increase in both supply and demand represents changes in 
important factors of economic expansion and has to be taken into 
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consideration by any theory of economic development. However, this study 
is concerned with the supply side only. It is assumed that the economy 
is operating under perfect competitive market conditions. The size of 
the Skunk River Basin as a supply region is very small compared to the 
nation's total supply. Thus an increase in the region's production would 
not create market forces of sufficient strength to change directly or 
indirectly either input or output prices. Based on this reasoning, the 
distribution of economic activities over space and alternatives in 
regional economic policy with respect to soil erosion problems and 
environmental quality are given in Chapter VII. Interaction between 
regional and interregional equilibrium is discussed in Chapter IX in the 
form of a suggestion to expand the model for interregional planning. 
Delineation of the study region 
Area delineation is important in regional analysis and planning, 
because it is essential to limit the scope of analysis and to force re­
search into major characteristics common or different among regions. 
Knowledge of the boundary of the region makes it possible to survey the 
available resources and economic activities in that region. Data on 
resources and economic activities enable the classification of resources, 
quantitatively and qualitatively, and the establishment of the comparative 
advantages of this region as compared to other regions. Comparison among 
regions enables determination of norms and the problematic gap in that 
particular region. Furthermore, suggestions may be obtained as to methods 
for closing the gap-
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There are several different approaches to regional delineation. 
These can be classified in this study as 1) the traditional approach which 
encompasses several methods, one method is based upon homogeneity of 
region with respect to a particular resource, language or social structure. 
This method implies minimum dispersion within the region and at the same 
time maximum dispersion among different regions. Polarization is a second 
method which differs from the previous method by focusing attention on 
the controlling center of the region rather than on drawing the boundaries. 
A third method used is that planning region or programming region which is 
a geographically continuous tool. However, the location of the decision 
center within the region is not essential. 
Regional definition as established in practices often represents a 
compromise between these different pure types. Technically the three 
traditional definitions are not naturally exclusive. For. example, Meyer 
characterized the latter two approaches as being variations of the homoge­
neity concept. He summarizes the argument as follows (64, p. 243): 
In fact, all regional classification schemes are simply 
variations on the homogeneity criterion and it is somewhat mis-. 
leading to suggest otherwise. The only real question is what kind 
of homogeneity is sought. Thus, a so-called program or policy 
region is essentially homogeneous in being entirely under the 
jurisdiction of some one or a few specific government or admini­
strative agencies. A nodal region is homogeneous in that it 
combines areas dependent in some trade or functional sense on 
a specific center. Some so-called homogeneous regions are 
homogeneous with respect to physical characteristics, like 
geography or natural resource endowment, while others are defined 
to be similar in their economic or social characteristics. Finally, 
homogeneity with respect to statistical compilations, as noted before, 
may often be the real determinant of regional boundaries for prac­
tical purposes. 
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Delineation of an economic region tends to be arbitrary and any one 
choice may never depict a "true" region for all purposes. Nonetheless, 
Kerry (6), (7), suggests two basic reasons for pursuing the issues of 
spatial delineation: first, an understanding of how the economy is 
organized in geographical space and, second, to establish goals amenable 
to the planning process. 
An area within which development planning is to occur will not be 
completely homogeneous. Parts of the area will exhibit differences in 
industrial composition, rates of growth (or decline), the extent of 
unemployment, levels of per capita income and the resource structure (2, 
p. 236). A fundamental aspect of planning is to take this internal 
structure of the area into account and to plan for the proper interrela­
tions of the area. 
2) The statistical approach which is concerned with the definition 
of indices for measuring homogeneity when more than one dimension or 
measure of such homogeneity exist.^ As interesting as these statistical 
procedures might be to the applied statistician or psychometrician, 
however, it seems rather doubtful that they are of much tangible value to 
the regional analyst who is actually confronted with a problem of defin­
ing a geographic area for study. 
3) The Functional Economic Area (F.E.A.) as developed by Fox and 
others (6, 26, 27) can be viewed as a spatially extended urban community 
in which the low density agricultural area is the site of major export 
^For extensive treatment of this approach see references 12, 31, 
and 32. 
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activity. The small cities in the periphery act as service centers for 
non-central city residents much in the same way as outlying shopping 
centers in metropolitan areas. 
F.E.A. is defined to include all those counties with a labor market 
for which the proportion of resident workers commuting to a given central 
county exceeds the proportion commuting to alternative central counties. 
Their definition of an F.E.A. shows that this delineation will not 
facilitate development of a program for resource management because the 
journey to work is not determined by the shape of the watershed. Instead, 
this study used a second approach based upon the methods employed by 
Hamilton et al. (33) in delineating the study area involved in a regional 
analysis of the Susquehanna area. 
Three factors were considered in the delineation of the study area 
for use in this analysis. These are as follows: (1) The hydrologie 
entity; Because much of the focus is upon water, the physical drainage 
area of the Skunk River is the major factor considered in selecting the 
overall study area. (2) Regional economic considerations: Since the 
study is concerned not only with the physical drainage area of the Skunk 
River, but also with the economic activities and employment opportunities. 
It is necessary to ensure that the boundaries of the existing economic 
region are not unduly distorted in the process of selecting the study 
area. Activities that are tied to the economy of the basin are not 
arbitrarily excluded from the study area merely because they are not lo­
cated in the physical drainage area. (3) Data availability: Since data 
are available on the basis of counties provided by the United States 
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Department of Commerce and State Agricultural census, the county is the 
basic building block of any study area, selected for a regional analysis 
» 
and one most largely depends upon secondary data. 
In light of these factors, the study area selected is composed of 
whole county units. A county that lies partially within the physical 
drainage basin (whole line) is in the study area, unless the major 
economy components of that county were tied outside the basin, as will be 
explained below. Figure 2.1 shows the boundaries of the study area 
finally selected (dashed line). 
Six counties of the major sixteen counties that lie wholly or 
partially in the physical drainage area were eliminated. Boone was not 
included in the study area, because most of the county lies within the 
Des Moines River Basin, including Boone, the largest city in the county. 
Likewise, Polk and Wapello counties were excluded because major economic 
activities in the two counties are within the Des Moines River Basin. 
Finally, Marion, Van Buren and Lee counties were not included because 
only a minor part of each county is within the Skunk River Basin. In 
each one of the excluded counties only 10 percent of the land, which is 
mostly for agricultural use, is located in the basin. The remaining 10 
counties are included in the study area. These are the counties of 
Hamilton, Story, Marshall, Jasper, Poweshiek, Mahaska, Keokuk, Washington, 
Jefferson and Henry. 
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Summary 
This chapter has discussed problems involved in delineating the 
region for specific study. It has shown how the region was selected 
for empirical analysis in this study. The following chapters employ 
the region for detailed analysis of the various sectors involved. 
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CHATTER III. THE DEMOGRAPHIC SECTOR 
The purpose of the demographic sector is to identify changes in. 
characteristics of the population which may influence the ecocany. Impor­
tant characteristics are those that influence population levels. 
Population changes in any given area were assumed to be influenced 
by the initial age-sex composition of the population and fertility, 
death, and migration. Variation in the effect of these variables 
(fertility, death and net migration) by age and sex, make it desirable 
to divide the population into age-sex groups which are relatively 
homogeneous. In this study a detailed age group was maintained on eight 
cohorts for both sexes in all the counties of the basin. The age distri­
bution in years of the cohorts was as follows: 
0 - 1 4  P r e e m p l o y a b l e  
.  1 5 - 1 9  —  
20 - 29 
Employable 
30 - 39 
40 - 49 
50 - 59 
60 - 65 — 
65 + Retirement age 
The reasons for dividing population into eight groups (could be more 
or less) is shown in the following illustration. If, for example, there 
were a regional population with disproportionately large numbers of young 
people, this region would have higher potential per capita birth rate, 
and lower potential death rate, because younger people have higher 
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fertility and a lower death rate. Furthermore, younger people are more 
willing to move from one area to another looking for better employment 
opportunities. So their response to the factors causing out migration 
is larger than older people. 
The demographic sector plays an important role in the region's 
cconomy because the demographic sector is viewed as"the "supply of labor" 
sector. Similarly, the employment sector provides the demand for labor. 
However, the employment level in the economy is determined by the demand 
for its products while the demographic sector is the final consumer of 
these products. Viewing the sectors in this fashion brings into clear 
focus the explicit tie between them. Obviously, labor supply and labor 
demand cannot each go its own way in a region indefinitely. Imbalance 
between the two will set forces in motion tending to restore equilibrium 
in the region. 
Estimates of population growth in the study region are taken from 
the following sources: 
1) There exists available data by counties in the census of 
population that will provide almost all the needed information for the 
last three decades. 
2) There exists an excellent study undertaken in the Department of 
Sociology, Iowa State University, which estimates population growth in 
Iowa (11, 49, 69, 85, 86 and 87). The results of these population studies 
are of sufficient reliability for purposes of this study. 
In order to provide the background for the demographic sector in 
the study area, the organization of the rest of this chapter will be as 
follows: First, the historical background of population growth up to the 
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year 1970 is presented. Second, the mechanism of population change is 
described. Third, data are presented of estimated population levels for 
the total region, for the years 1940 to 1985. Fourth, a summary is pro­
vided of the relationship between total population and the labor force. 
Included is the total employment by various sectors in the economy, also 
for the years 1940-1985. 
The establishment of statehood for Iowa in 1846 attracted increasing 
numbers of immigrants to the state. In July, 1847, a committee of 
Hollanders traveled northwest from Fairfield, Iowa to purchase landhold-
ings near the present city of Pella on the ridge which separates the Skunk 
River Valley from the Des Moines River Valley (40, p. 9). They were 
followed by a steady influx of Americans and Europeans of other nationali­
ties until, by 1900, the entire area was populated with farms and growing 
towns. 
By 1957, there were 73 incorporated cities and towns within the 
Skunk River Basin. As in other parts of Iowa, the larger towns in the 
study area have grown much faster than the smaller ones. Smaller towns 
have tended to remain static and have even decreased in size. Table 3.1 
indicates the distribution of population by community size and the growth 
trend during the period 1940-1950. 
Table 3.1 shows that during the period 1940-1950, smaller communities 
of less than 1500 people declined from 85.1 percent in 1940 to 27.2 
percent in 1950. Furthermore, communities above 2500 people increased 
from 9.5 percent to 65.3 percent. Similarly Table 3.2 shows population 
trends for the major cities (10,000 or more) within the Skunk River Basin 
during the last two decades. 
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TABLE 3.1. Population in incorporated cities and towns of various sizes 













Percentage change in 
urban population 
1940-1950 
under 750 54 74.1 371 19.5 +1.0 
750-1499 8 11.0 995 7.7 -2.4 
1500-2499 4 5.4 1,919 7.5 +3.8 
2500-10000 4 5.4 5,333 20.8 +16.1 
over 10000 3 4.1 15,248 44.5 +34.4 
Totals 73 100.0 100.0 
^Source: Iowa Natural Resources (40, p. 9) 
The total basin population has been gradually increasing since 1910, 
owing to a rapid expansion in urban population which has offset a gradual 
decline in the rural population. Although total population increased 
during the last decade, eight of the ten counties in the study area 
experienced a decrease in population. In particular, Keokuk County has 
a 12.4 percent decrease in population as shown in Figure 3.1. Those 
counties that show gain are ones in which institutions of higher learning 
exist, i.e., Iowa State University at Ames in Story County and counties 
with large industries, i.e., Marshalltown in Marshall County. This 
expansion of urban population along with the decline of rural population 
has gradually reduced the gap between these two components of population 
in the basin. In 1890, 75 percent of the basin's population was rural 
Figure in each county represents 
the percentage change in total 
population during 1960-1970. 
Over 107: increase 
0-10% increase 
0 - 10% decrease 














Figure 3.1. Population change in the study region by counties for the period 1960-1970 (87, p .  9) 
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TABLE 3.2. Population levels of cities 
1950, 1960, 







Newton Jasper 11,723 15,381 17,016 
Oskaloosa Mahaska 11,124 11,053 11,005 
Ames Story 22,808 27,003 39,171 
Mar shall town Marshall 19,821 22,521 25,739 
Total 65,566 75,958 92,931 
^Source: Iowa population trends (81) and U.S. Census of Population 
(107) 
while, in 1940 only 65 percent of the basin's population was rural (40). 
About 1965 the rural and urban population became equal, see Table 3.3 
and Figure 3.2. 
During the last decade (1960-1970) the rate of population growth 
has shown a tendency to grow at a lower rate compared to 1940-1960. It 
is expected to behave similarly for the next fifteen years. 
The rates of urban population increase and rural population decrease 
are also following a lower rate. This may continue until an equilibrium 
point is reached where employment in the service and manufacturing sectors 
of the economy expand at a rate large enough to absorb the released labor 
from the agricultural sector. 
The decrease in rural population is a natural consequence of the 
mechanization of agriculture. The ability of the individual farm operator 
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Figure 3.2. Population trends in Skunk River Basin study region 
(Tables 3.3 and 3.6) 
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TABLE 3.3. Urban and rural distribution for the period 1940-1970 
Years 
County 1940 1950 1960 1970 
Urban Rural Urban Rural Urban Rural Urban Rural 
Hamilton 6,581 13,341 7,508 12,152 8,520 11,512 8,488 9,895 
Henry 4,580 13,412 5,837 12,871 7,339 10,848 7,007 11,107 
Jasper 10,279 21,217 11,727 20,578 15,381 19,901 15,619 19,806 
Jefferson 6,708 9,054 7,298 8,398 8,054 7,764 8,715 7,059 
Keokuk 18,406 - - 16,797 15,492 13,943 
Mahaska 10,705 15,780 11,147 13,525 11,153 12,549 11,224 10,952 
Marshall 19,093 16,313 19,835 15,776 22,521 15,463 26,219 14,857 
Poweshiek 5,180 13,578 6,828 12,516 7,367 11,933 8,402 10,401 
Story 15,735 17,699 26,665 17,629 31,230 18,097 44,457 18,326 
Washington 5,040 15,015 5,906 13,651 6,043 13,369 6,317 12,650 
Total 83,901 153,815 102,751 143,893 117,608 136,928 136,448 128,996 
reflected in the trend towards larger farms and fewer operating units 
within the study region and throughout the state. This will increase the 
capital/labor ratio in the agricultural sector as will be shown in 
Chapter VIII. 
A remarkable feature of the Skunk River Basin is the large number 
of institutions of higher learning located in its cities. Iowa State 
College, now Iowa State University, at Ames was founded in 1868. Other 
educational institutions include Parsons College at Fairfield and William 
Penn College at Oskaloosa. 
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As this chapter proceeds it will be shown how the presence of these 
higher learning institutions influenced the population growth and age dis­
tribution. Now, however, the mechanism of population changes is considered. 
Births, deaths, and net migration constitute the three main factors 
or mechanisms that are involved in producing population changes in any 
area (49). More births than deaths in one period of time produce a 
change called "natural increase" in population. Conversely, more deaths 
than births produce a change called "natural decrease" in population. 
The effects of population change arising from any birth discrepancy can 
be overcome or accentuated by "net migration". Net migration is the 
difference in the number of people moving in and out of an area. 
Natural increases in population have been the most important factor 
in Iowa's population growth. Iowa has consistently had an excess of 
births over deaths. Had it not been for natural increase in population, 
Iowa's total population would have actually diminished from 1950 to 1960 
as shown in Table 3.4. Table A2, Appendix A, shows the death and birth 
rates by counties per thousand population, over the last decade. It 
shows also that natural growth per thousand is declining over time. For 
most counties the difference between birth and death rates is decreasing. 
For exafnple, in 1960 the growth rate for Keokuk County was 4.6 per thou­
sand which, by 1970, had decreased to 1.1 per thousand. In Story County, 
which had a higher percentage of younger population, the natural growth 
declined from 17.8 per thousand to 12.5 per thousand over the same time 
period. Growth rates for the rest of the counties were distributed 
between the above two extremes. 
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TABLE 3.4. Changes in total population of Iowa for the decades 1940-1950, 


















^Source: Tait and Johnson, Iowa population trend (87, p. 6) 
Migration is more difficult to predict because it is affected by many 
variables. Economic reasons, however, seem to be the most important in 
causing people to move. Blanco (8) for example, in a study of interstate 
population movements, indicated that changes in the level of unemployment 
explained 85 percent of the variation in civilian migration rates between 
states in the years 1950 to 1957. Hence, as assumed by Hamilton, it was 
also assumed here that migration is a function of the unemployment rate. 
Migration is selective and depends on the basis of age and sex, but only 
in part. The nature of the family occupational pattern, and housing 
arrangements also determine migration. Selectivity of migration affects 
natural increase in population since it produces an unbalanced age 
structure. Since young adults have the most children, an area which has 
a deficit of young people will experience a lower birth rate. Therefore, 
the affect of migration based on age may increase or decrease a 
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population of a given Iowa area, depending on the pattern of movement of 
young adults. Nevertheless, even those counties with population losses 
have people who have only recently arrived. 
Migration trends do follow a pattern, but time is required for the 
pattern to establish itself. Once established it may continue for some 
time in a set mold. 
The migration trends by counties for the last two decades are given 
in Table 3.5 below. 
TABLE 3.5. County migration trend 1950-1970 ^  
Net Migration Percent net migration 
County 1950-1960 1960-1970 1950-1960 1960-1970 
Hamilton -2,134 -2,749 -10.9 -13.7 
Henry -2,157 -719 -11.5 -4.0 
Jasper -2,084 -2,459 -6.5 -7.0 
Jefferson -1,442 -1,128 -9.2 -7.1 
Keokuk -2,674 -1,898 -15.9 -12.3 
Marion -2,156 -226 -6.1 -0.6 
Poweshiek -2,340 -1,682 -12.1 -8.7 
Story -3,355 5,919 -7.6 12.0 
Washington -2,450 -1,655 -12.5 -8.5 
Marshall -2,156 -226 -6.1 -0.6 
^Source: Tait and Johnson, Iowa population trend (87, p. 33) and un­
published material by the Sociology Department, Iowa State University 
1970 
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Looking at net migration for the counties within the basin "Table 
3.5", it can be seen that in the decade 1950-1960 all the counties had 
experienced negative net migration. However, for the decade 1960-1970, 
Story County showed positive net migration. 
Because migration is so volatile and because of its feedback on 
births and deaths, it is potentially the most dynamic element causing 
population change in a region. It is the major equilibrating mechanism 
tying supply and demand for labor in a region. 
Negative net migration is expected to have multiplier effect, 
particularly on the cost of providing services for the community in both 
public and private sectors. This cost increase will decrease personal 
disposable income or real income and thus force more people to go out 
and so on. Hamilton et al. (33) brought the factors of births, deaths, and 
migration together as shown in the generalized model in Figure 3.3. The 
figure shows that each one of the age groups is influenced by deaths, 
births, and aging processes, as the group moves gradually from one age 
classification to another. Each group is also continuously affected by 
the net migration for each class. 
Aging 
Mig 
I.A.G. T.A.G. Int.A.G. 
B = Births T.A.G. = Terminal age group 
I.A.G. = Initial age group D = Deaths 
Int.A.G. = Intermediate age group Mig. = Migration 
Figure 3.3. A generalized population sector (33, p. 135) 
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Estimation of population 
The purpose of this section is to provide the data in summary form 
with respect to population growth for the region as a whole. The data 
is organized according to eight major age groups as mentioned previously. 
The time period under consideration covers the years 1940-1985. 
The major source of this data was studies by Tait on Iowa population 
trends (85). Tait based his projection of population for all counties 
in Iowa on the Hartman model. This model is based on three assumptions 
as follows: 1960-1965 actual birth rate to hold in the future: 1959-
1961 actual death rate to hold in the future: 1950-1960 actual migration 
rate. Table Al, Appendix A, gives a summary of the population trend in 
the basin over the 1940-1985 period. Table 3.6 shows population growth 
by rural and urban communities for the year 1970-1985. Based on the last 
Table and Table 3.3, Figure 3.3 was constructed showing that urban popula­
tion is increasing while rural population is declining and the gap between 
the two population components is widening over time.^ Table A2, Appendix 
A, illustrates the birth/death per 1000 persons by counties over the last 
decade, 1960-1970. The percentage of population in each age group for 
the year 1970 is provided in Table 3.7 from which a graphical illustration 
of age distribution for the year 1970 is constructed (Figure 3.4). The 
age distribution is greatly influenced by existing institutions of higher 
education. The influence of these institutions can be illustrated by 
looking at Table Al where it is seen that population within the age group 
^Population of retarded regions shows that the gap between rural and 
urban population is narrowing over time while population of developed 
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Figure 3.4. Graphical illustration of age group distribution 1970 
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TABLE 3.6. Urban and rural population for the year 1970 and estimated for 
the years 1975, 1980 and 1985 for the study region & 
1970 1975 1980 1985 
County Urban Rural Urban Rural Urban Rural Urban Rural 
Hamilton 8,488 9,895 9,768 8,906 10,057 8,194 10,505 7,620 
Henry 7,007 11,107 6,311 10,330 6,477 9,638 5,939 9,012 
Jasper 15,619 19,806 17,335 19,607 18,083 19,431 17,846 19,276 
Jefferson 8,715 7,059 8,741 6,777 8,823 6,574 8,494 6,377 
Keokuk 13,934 12,648 11,822 11,103 
Mahaska 11,224 10,952 10,558 9,857 10,443 8,970 9,243 8,163 
Marshall 26,219 14,857 25,398 14,234 26,422 13,814 26,115 13,198 
Poweshiek 8,402 10,401 8,040 10,047 7,840 9,746 8,019 9,454 
Story 44,457 18,326 45,300 15,535 47,911 16,094 50,931 18,843 
Washington 6,317 12,650 5,343 12,422 5,038 12,223 5,442 12,040 
Total 136,448 128,987 136,794 120,363 141,094 117,506 142,534 115,086 
^Source: Tait, Iowa population trend (85). 









0-14 27.75 14.38 13.37 
15-19 9.88 5.23 4.65 
20-29 13.87 7.07 6.80 
30-39 9.69 4.71 4.98 
40-49 10.62 5.22 5.40 
50-59 10.31 5.05 5.26 
60-64 4.63 2.23 2.40 
65 and over 13.25 5.70 7.55 
Total 100.00 49.59 50.41 
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0-29 increased by 13 percent while the age group 30-59 decreased by 11 
percent during the same period. An interpretation of this phenomena is that 
institutions of higher education attract young people to the study region. 
As was explained earlier, this group has a higher birth rate and lower 
death rate, so there is a positive impact on population growth. However, 
after these younger people have obtained their desired level of education, 
the basin cannot absorb them in the labor force. As a result they leave 
the basin to areas with higher employment possibilities. 
It's interesting to observe that the age group above 65 years of 
age is increasing in size over time at the same rate as the rate for 
the 0-29 age group. This suggests that people prefer to retire in the 
study region possibly because it is not a highly urbanized area. Income 
does not play an important role in this decision, because income at 
retirement age is independent of location. 
The labor force as a function of population 
Labor forces and industrial development are closely related. Indus­
trial development is directly influenced by population trends in two ways. 
These are: 1) Consumption - Consumption, particularly for locally consumed 
products, is expected to increase as the total population increases. 
Further industrial development can be encouraged if there is a trend for 
rapid population growth and vice versa. 2) Production - Production is 
limited by the available labor force. Labor force participation rates and 
total population during any given time period determine the available 
labor force in the area. Mullendore (56, p. 62) found labor force partic­
ipation rates by age group for Central Iowa as shown in Table 3.8. Since 
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TABLE 3.8. Labor force participating rates, "LFPR", by age group. 
Central Iowa, 1960 " 
* 
Age group LFPR change for U.S.A. 
Annual rate of 
ig  
1950-1970 
14-19 .3235 -.0045 
20-24 .6101 -.0045 
25-44 .6326 .004 
45-64 .6404 .0057 
65 + .2072 -.0076 
(LFPR)^ = (Civilian labor force)^ 
(Civilian noninstitutionalized population)^ 
where i refers to i,th age group and i = 1, . . . , 6  
(Civilian labor force)^ = (Labor force)^ - (Armed forces)^ 
^Source: W. E. Mullendore (66, p. 62). 
Central Iowa includes the northern portion of the Skunk River Basin, 
Mullendore's rates were used for the Skunk River Basin study region as 
a whole, and the potential labor supply was determined for the study 
region and over the 1940-1985 period (Table A3). Total labor supply is 
given in Col. A. Actual labor forces for the years 1940-1970 were obtained 
from census (104, 105, 106, 107) and shown in Table A3, Col. B. Compar­
ing the potential Col, A to actual Col. B, it can be seen that the 
potential labor supply estimated on the basis of Mullendore coefficients 
overestimate the total labor forces for this study region over the period 
1940-1950 but tend to underestimate during the last two decades 1950-1970. 
These overestimations and underestimations of actual labor force are 
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given in Table A3, Col. B/A. From Col. B/A it can be seen that the 
ratio B/A is increasing over time at a constant rate equal to 9 percent 
per a decade, or .009 per year. This constant rate of increase in B/A 
ratio was utilized to calculate the expected B/A ratio for the years 1975, 
1980 and 1985. Knowing the potential labor supply from Col. A and the 
ratio of B/A as was found above, the expected actual labor supply for the 
years 1975, 1980 and 1985 was found. This data concerning the supply of 
labor is utilized later to determine how much is actually employed in 
various sectors of the economy for the years 1975, 1980 and 1985. 
To determine how these forces will be employed by various sectors, 
the historical data was used for occupations in various sectors over the 
period 1940-1970. From Table 3.9 it can be seen that armed forces, 
forestry and fisheries employ a very small number. Hence this employment 
is assumed to be about the average observed for the period 1940-1970. 
Agriculture, mining and quarries are assumed to decline by the same rate 
as shown for the period 1940-1970. Construction employment for the same 
period seems to be more or less stable above 5000. The average level 
for the last two decades was assumed to remain above the 5000 level, as 
shown in the table. Manufacturing showed a 63 percent increase during 
1940-1950, but after this period the rate of increase slowed down. During 
the last decade, employment showed only a 19 percent increase. For this 
reason, the rate of growth in this sector was assumed to be about 3 per­
cent per year. Finally, employment in the service sector tends to in­
crease over time. In some counties (e.g.. Story County) where Iowa State 
University is located, the service sector employed 74 percent of the total 
labor force in 1970. 
TABLE 3.9. Total in labor force: Employment by industry group over the period 1940-1970, and 
estimated for 1975, 1980 and 1985 ^ 
No, Detail 1940 1950 1960 1970 1975 1980 1985 
1 Total in labor force 87,519 94,082 98,763 109,634 116,576 124,058 134,318 
2 Total employed 79,497 92,427 96,272 105,943 114,619 122,205 132,636 
Armed forces 0 114 128 74 100 110 105 
Unemployed 8,022 1,541 2,363 3,617 1,857 1,693 1,577 
3 Employed by sectors 
4 Agriculture 32,445 29,281 21,518 15,000 12,983 10,686 9,276 
5 Forestry, fisheries 17 22 11 10 10 14 12 
6 Mining, quarries 447 283 237 191 159 128 95 
7 Construction 3,309 5,069 5,598 5,636 5,563 5,692 5,720 
8 Manufacturing 7,492 12,243 16,722 19,990 23,429 25,887 29,197 
9 Local service 
(service sector) 35,787 45,529 52,186 65,116 72,475 79,798 88,336 
^Source: U.S. Bureau of the census (104, 105, 106, 107) Census of population 1940, 1950, 1960 
and 1970 general social and economic characteristics. 
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To estimate the level of employment in the next 15 years the 1975, 
1980, and 1985 ratio of employment in the service sector to total employ­
ment was found from historical data in the period 1940-1970. Table 3.9 
shows that during the period 1950-1970 employment in the service sector 
increased at average rate equal to 2.14 percent per year. Although the 
rate is not constant and it does vary from one decade to another (for 
example, it was 2.7 percent during the period 1940-1950 and about 2.5 
percent during the last decade) the 1950-1960 period which is between the 
previous two periods did not increase at either one of these rates.^ 
Local service employed 49.3 percent of total employment in 1950 and its 
share increased the last two decades to reach 51.4 percent.by 1970. This 
increase in local service level of employment and its share of total 
employment is assumed to increase over the study period at 1950-1970 
average rate of increase. Based on this the level of employment for the 
years 1975, 1980 and 1985 was calculated in Table 3.9. 
The level of unemployment for each year is the difference between 
the estimated total labor forces on one hand and the sum of total armed 
forces and total labor employed at any given year on the other hand. 
Table 3.9 also gives the expected level of unemployment. 
This chapter has covered the historical background. The mechanism 
of population change was discussed next with emphasis on birth, death, 
and net migration. This chapter also gives a summary of population growth 
in the study area, labor force, and its employment. Furthermore, the 
e rate for 1950-1960 is about 1.44 percent per year. 
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estimated total population of the study area and potential labor forces 
for the period 1975-1985 were estimated for the major employment sectors. 
Labor forces estimated in this study are utilized in the empirical 
application of the model to the study area. 
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CHAPTER IV. RESOURCES AVAILABILITY 
Following the characteristics of the demographic sector it appears 
necessary to provide an inventory of the available resources that con­
tribute to employment and production within the region. This information 
is utilized later to determine how these resources can be combined to 
maximize social goals in terms of aggregate income and an environmental 
quality. 
The chapter covers six sectors as follows: 1) A discussion of soil 
types fay land resource areas in the study region; 2) land inventory 
acreages, including land use and erosion problems as expressed by soil 
conservation needs; 3) forest resources; 4) mineral resources; 5) water 
resources in various forms such as precipitation, ground water and sur­
face runoff; 6) resources availability. 
Section six gives the level of resources availability for different 
land classes, agricultural and industrial labor, capital in the agricultur­
al sector in the form of machinery and equipment, plus housing facilities 
for livestock on farms. Capital in the industrial sector is expressed in 
terms of book value of depreciable assets. Finally the level of livestock 
and poultry in the agricultural sector is provided in this last section. 
Land resource areas 
The three principal soil association areas of the Skunk River Basin 
are shown in Figure 4.1. The numbers in Figure 4.1 refer to the individual 
soil association areas, and where allocated, to a particular area, by the 
Iowa Conservation Needs Committee (45). 
\08i 
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1) Soil resource area 103 This soil resource area is dominated 
by Che Clair-Nicollet-Webster soil association (25). It is found in 
that part of the upper basin which was covered by the Wisconsin glacial 
till deposited 14,000 years ago (72). The majority of the soils in 
this association were developed under native prairie grass vegetation, 
with the remainder under forest and moisture tolerant vegetation. 
Tables A4, A5, A6, A7 and A8 "in Appendix A" summarize major upland 
soils in the basin by acres in each county for the soil association, 
cropland, soil conservation needs, drainage requirements, and existing 
soil conservation practices. These soils are some of the most productive 
crop lands in Iowa. Crop yields, however, may be reduced by lack of 
water in years of low rainfall. 
Nearly all of the land is in agricultural use of which about three-
fourths is in crop land with corn, soybeans, and other feed grains as the 
major crops and a small percentage of the area is in permanent pasture 
(Figure 4.2). Narrow bands of woodland are on steep slopes bordering 
the stream valleys. Some of the wet bottomlands are also forested (40). 
2) Soil resources area 108 These are soils located in areas of 
loess.^ Major soil associations of this loess area are Tama, Muscatine, 
Mahaska, Taintor, Grundy, Haige, Clinton, Lindly, and Weller Lindley. The 
first three soil associations were developed under prairie vegetation 
while the remaining two were developed under forest. Those formed under 
prairie vegetation are more fertile than those soils formed under forest. 
^Loess is the technical term given by soil scientists to soil parents 
material which was deposited by wind. It is dominantly silt sized 
material. 
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In all soil association areas, the loess has been eroded from the 
steeper slopes. 
Nearly all of the land is in farms with two-thirds or more in crop­
land. Corn, soybeans, and other feed grains are extensively grown on 
more sloping soils and are fed to livestock on the farms where it is pro­
duced. Most of the remaining one-third of the area is in pasture and 
woodland. Much of the area has rolling to hilly topography. Smaller 
streams have narrow valley floors, but the large ones have fairly broad 
flood plains. 
3) Soil resource area 109 Production on bottomland and terrace 
soils is important along the Skunk River in this soil resource area. 
Bottomland soils are derived from a wide variety of materials deposited 
as alluvium along the streams. As a result, they differ greatly in their 
natural characteristics. In general, slopes in this area are most roll­
ing to hilly. On nearly level upland areas, soils of high productivity 
can be found. Slopes bordering major stream valleys are steep. Nearly 
all the land is in farms with about one-half in crop land. Corn and other 
feed grains and hay are the most important crops. About one-fourth of 
the land is pasture; the remainder is in woodland and miscellaneous uses. 
Table A4 Appendix A gives a summary of major uplands in the study region 
and their acreages. 
Land inventory and non-inventory acreages 
Table A5 in Appendix A shows the total land in the basin is divided 
into the two major groups of land inventory and non-inventory acreages. 
Non-inventory land, the smallest group, includes federal non-crop land. 
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urban built up areas, and small lakes and ponds. This group amounted to 
4.7 percent of total land in 1958 and increased to 4.8 percent in 1967. 
This slow rate of change led to the assumption that the non-inventory land 
group will remain as about 5 percent of the total land in the basin. 
Inventory land forms the major land group. From the reasoning above, 
it was assumed to occupy 95 percent of the total land in the basin. Table 
A6 in Appendix A shows the types of uses in inventory land. The table 
indicates that 73 percent of this area was cropped during 1958. This per­
centage increased to 76 percent for the year 1967. At the same time the 
total inventory land was reduced by about 6,000 acres as a result of ex­
pansion in built up areas and small lakes and ponds as was illustrated by 
Table A5. Pasture land declined by 30 percent between the years 1958 and 
1967.1 
Figure 4.2 shows general land use for the various crops. By using 
this figure as a guide and Table A6,a new table. Table 4.1, was con­
structed, indicating the number of acres allocated for each use. 
A survey of the soil characteristics within the basin by the Iowa 
Conservation Needs Committee (45) shows that about 44 percent of soils 
in the Basin require soil conservation practices in one form or another. 
Table A7 Appendix A summarizes these needs for contouring, strip cropping. 
The decline may have resulted because farmers raise more livestock 
on feedlots with a subsequent decrease in pasture acreages, despite the 
negative effect on soil conservation. Reduction of pasture land implies 
a shift of land use to more row crop production, as a result, there is 
less permanent cover and more erosion. 
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Soybeans 9.4% Hay 12.2 
Figure 4.2. Land use. Skunk River Basin (40, p. 24) 
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terracing, permanent vegetation and drainage. Table A7 also shows how 
much of these needed practices exist at present on farms according to 
the 1969 agricultural census (99). 
Most of these problem soils are useful for agricultural production. 
However, many present farm practices may need to be modified to maintain 
the productivity of these soils, and at the same time prevent the deteri­
oration of water and environmental quality in the basin.^ 
Forest resources 
Upland forests and farm woodlots constitute an additional resource in 
parts of the Skunk River Basin. Wood is furnished for building construc-
tioDj fence posts, and similar materials. From Table A8 it can be seen 
that forest and woodlands cover an estimated 7.4 percent of the land area 
in the basin or approximately 257,000 acres. In general, the amount of 
wooded areas increase progressively as one moves from the northern part of 
the basin to the south. 
To illustrate this point, woodland range is 2-3 percent of the land 
in Hamilton and Story counties. In the middle of the basin, the range for 
Jasper, Poweshiek, Mahaska, and Keokuk counties is 5-9 percent of the total 
area. In the lower part within Jefferson, Washington, and Henry counties, 
the range is 10-14 percent of the land contained in these counties. 
Woodlands are located principally on the bottomlands and valley 
slopes adjacent to the major streams and their tributaries. In addition 
to their value in commercial and other uses, woodlands frequently are needed 
for erosion control on valley slopes and recreation. Unfortunately, from the 
^Full treatment of soil erosion and flood control is provided in 
Chapter VI. 
50 
TABLE 4.1. Crop allocation in the study area, 1967 ^  
Crop Percentage Acres 
Corn 33 1,022,690 
Soybeans 7 216,900 
Hay 11 340,900 
Oat 16 495,850 
Other crops 8 247,925 
Pasture 25 774,807 
Total 100 3,099,072 
Note: Corn is mostly located in the northern part of the basin while 
pasture occupies a greater proportion of the land in the south. 
^Source: Figure 4.2 and Table A5 "Appendix A". 
viewpoint of erosion control and watershed management, about 80 percent 
of the basin's woodland is pastured. Consequently, the woodlands are 
generally of poor quality and their full potential value as forest is 
not being realized (40). 
Table A8 shows that almost all of the forests within the basin are 
commercial forests. Table A8 shows also an increase in forest acreages 
between the years 1958 to 1967. During this period, the area increased 
from 195,399 to 257,000 acres, an increase of almost 32 percent (45). 
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Mineral resources 
The mineral resources of the basin consist primarily of coal, clay, 
sand, gravel, limestone and dolomite. Production of coal within the basin 
at the present is very limited. Sand and gravel from glacial and stream 
deposits are locally important. The gravel is used for road material, 
and both sand and gravel are used in construction (40), 
Water resources 
Precipitation Precipitation in the form of rainfall or snow is 
probably the most significant climatogic factor from a water supply and 
water control standpoint. Because of the agricultural character of the 
basin, the relationship of climate to agriculture is of particular impor­
tance. 
Conditions during the crop growing season are most important. This 
period, extending from April through September, is different from the 
dormant season during the remaining six months of the year., A review of 
long-term precipitation records show that, on the average, there are 
about 20 inches of rainfall during the growing season. This makes the 
study area climate more favorable for the production of corn and other 
crops. 
Ground water Ground water furnishes most of the municipal and 
rural needs in the Skunk River Basin. Water supplies for human consump­
tion in rural areas are predominantly from ground water sources, although, 
in some cases, surface supplies are important in satisfying other farm­
stead needs. 
Figure 4.3. Flow duration curves at Ames and 
Augusta for the period 1934-1953 
(40, p. 20) 
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Surface runoff water Runoff varies between the sub-drainage areas 
within the basin. The average runoff may be as high as 10 cfs/square mile 
and as low as .001 cfs/square mile near Ames on the Skunk River. 
These differences may be a direct result of variation in precipita­
tion. Mostly however, they result indirectly from variation in infiltra­
tion capacities and runoff characteristics which can be attributed to 
differences in rocks, soils, topography, vegetation and soil management 
practices of the headwater regions. Some sub-drainage basins contain 
lakes and swamps, which capture and store runoff. This stored water is 
exposed to the sun and wind, hence, evaporation is greater and the overall 
runoff in the basin is reduced. 
A summary of calendar year discharge of selected stations along the 
Skunk River is given in Table A9, Appendix A from which duration curves 
(Figure 4.3) had been prepared. Maximum discharges at various gauging 
stations in the basin are given in Table 4.2. References to these tables 
are made during the discussion of erosion and flood control in Chapter VI. 
Resource availability 
The resources that are considered in this section are those resources 
which have a direct influence on economic activities or those outputs of 
economic activities that are not desired. For example, soil erosion is 
a result of activities in the agricultural sector. 
TABLE 4.2. Water discharges at various gauging stations along the Skunk River and tributaries ^ 
S Drainage Maximum discharge 
Station City area Records available during period 
sq. miles Date c.f.s. 
Squaw Creek Ames 204 May, 1919 - 1927 & 7/17/22 6,900 
May, 1965 - 1968 
Skunk Greek Near Ames 315 July, 1920 - Sept. 1927 6/10/54 8,630 
Skunk River Below Ames 556 Oct. 1952 - 1968 3/30/60 9,260 
(below Squaw Creek) 
Indian Creek Mingo 276 1958 - 1968 6/12/66 7,380 
South Skunk Oskaloosa 1635 1945 - 1968 6/15/47 20,000 
5/23/44 37,000 
Lake Keoma Oskaloosa 1.22 1936 - 1968 7/2/65 8.85 
North Skunk Sigourney 730 1945 - 1968 3/31/60 27,500 
Big Creek Mt, Pleasant 106 1955 - 1968 4/3/60 61,500 
Coppock Skunk R, Coppock 2916 Oct. 1913 - Sept. 1944 5/24/44 41,500 
Skunk River Augusta 4303 1914 - 1968 4/3/00 51,000 
^Source: U.S. geological survey, water resource division, water resources for Iowa, 68/69. 
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The main resources presently existing in the study region accounted 
for in this study are land, labor, capital, livestock and poultry. Live­
stock and poultry were differentiated from capital because they are 
treated as animal units or birds available for production purposes. 
Amounts of these resources in the study region as of 1970 are now presented 
in order. 
Land Summarizing the previous detailed discussions of land and 
information of the tables, land can be separated into seven categories 
with the acres in each as follows: a) cropland not needing soil conserva­
tion practices = 1,515,000 acres; b) cropland needing either strip crop­
ping or contouring = 232,000 acrea; c) cropland needing terracing = 
549,000 acres; d) cropland with drainage problems = 283,000 acres; e) 
improved range land = 77,000 acres; f) non-improved range land = 107,000 
acres; g) pasture on cropland (area under permanent cover) = 374,000 acres. 
The above levels of land resources are considered fixed for optimi­
zation at 1970. Although the area of any land category may change as a 
result of optimization at 1970 or any other year, no change in total land 
will take place. Land that needs conservation practices will continue 
to require that type of practice. The cost of maintaining the existing 
practices will continue to exist and make the cost of producing on these 
soils higher than the first category. 
Labor The total labor supply available to the region is a function 
of population, age distribution, efficiency coefficients of the various 
age groups and the number of hours worked per day per worker. A summary 
of the labor force and employment in various sectors are given in Table 
3.9. 
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Optimization will consider only two production sectors. These two-
sectors are not equal competitors, because they require different labor 
skills. Because farmers attach a positive net value to the non-income 
features of farming they could sacrifice some income in farming and still 
feel better off than in some other occupation (Kaldor, et al. 55, p. 6-10). 
A choice of farming and a willingness to forego at least $1,500 of income 
was indicated by potential farmers with the highest non-income preference 
for farming (Kaldor, et al., 56, p. 645), so two types of labor must be inr 
eluded in the model. These are agricultural labor and industrial labor. 
The agricultural labor force was estimated by the census to be 15,000 
workers. Since the census included unpaid family labor which exists on 
farms and since the unpaid family labor is not fully utilized all year 
round, surplus labor is found in this sector. This surplus requires usage 
of the units of effective labor on the farm, those fully employed in agri­
culture. This was found by finding the labor requirements for all economic 
activities in the agricultural sector according to 1970 coefficients, and 
then summing these requirements together. This provides a total of effec­
tive labor force equal to 13,200 units. These are the units which are 
entered as constraints on agricultural labor in the optimization model, 
for 1970 and 1975. For the year 1970 the estimated labor force 
in Chapter III, Table 3.9 shows the total employment in the industrial 
sector within the region equal to 19,990 workers. Actual estimation of 
the labor force by various firms in the region indicate, however, that 
the level of employment is 27,110 workers or 35 percent higher than the 
level indicated in Table 3.9. This implies that workers from other 
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counties are commuting to work in the region. For this reason, the level 
of employment in the industrial sector for 1970 was assumed to be 27,110 
workers. Optimization at 1970 will allow about 10 percent hiring of labor 
in the industrial sector and assume that this level of employment will 
exist in 1975 as will be explained later for all resources. 
Capital in the form of agricultural machinery and buildings for 
livestock was estimated from the 1959 agricultural census (99) to be $210 
million of which about $180 million was farm machinery equipment (Tables 
4.3 and 4.4). Capital in the industrial sector was derived by using the 
relationship between value added and book value of assets as will be 
explained later in Chapter VII. This was found to be equal to $58.6 
million. Table 4.5 shows the distribution of the existing capital among 
the different major group industries for the year 1970. 
Summary 
A summary of the existing livestock and poultry in the study region 
is provided in Table 4.6, which shows the existing size of each livestock 
type during 1970. 
This chapter provides an inventory of resources in the study region. 
The next chapter develops the model employed in this study to determine 
the efficient utilization of these resources, subject to constraints on 
resource availability and environmental quality objectives. 
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TABLE 4.3. Farm machinery and equipment on place, by counties of the 
study region. ^ 
Value of farm Value of farm 
County machinery and equipment County machinery and equipment 
I $ 
Hamilton 20,966,101 Mahaska 17,723,849 
Henry 13,677,886 Keokuk 16,511,824 
Jasper 23,266,404 Poweshiek 17,640,485 
Jefferson 11,795,628 Story 20,114,405 
Marshall 20,336,420 Washington 17,496,118 
Total T 7 Q  < 9 0  i o n  
^Source: Census of agriculture (99). 
TABLE 4.4. Capital requirement for housing facilities on farm for 
livestock and poultry 
Type of livestock Leve1 in Capital per Total capital 
or poultry existence unit for housing 
1970 
(units) (1)^ $ (2)b 
Dairy cows 19,907 220.0 4,379,540 
Beef cows 133,400 40.0 5,336,000 
Cattle grain fed 306,295 26.0 7,963,670 
Sows 21,000 150.0 3,150,000 
Hogs marketed 2,191,432 3.0 6,574,296 
Sheep "ewe" 44,545 7.0 311,815 
Grain fed sheep 90,582 3.0 271,746 
Hens and pullets of 
laying eggs 668,142 1.4 935,399 
Turkey 1,726,891 0.7 1,208,824 
Total 30,131,290 
^rom Table 4.6. 
^Howell, H. B., and Everett, G. S. (38). 
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TABLE 4.5. Capital in the industrial sector by major group industries ^ 
Industry Total capital in the industry 

















^Source: Table 8.8; Appendix B. 
TABLE 4.6. Livestock and poultry in the agricultural sector * 
Livestock Total 
Dairy cows 19,907 
Beef cows 133,400 
Cattle grain fed 306,295 from this 
91,900 heifers 
Sows 21,000 
Hogs marketed 2,191,432 
Sheep "ewes" 44,545 
Grain fed sheep 90,582 
Hens and pullets 668,142 
Turkeys 1,726,891 
^Source: Iowa crop and livestock data 1954-1970 (41, 42, 43, and 44). 
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CHAPTER V, DEVELOPMENT OF THE MODEL 
Attaining the objectives listed in Chapter I within a regional frame­
work is a problem that can be satisfactorily handled with a linear pro­
gramming method. The problem under study is one of the optimal allocation 
of resources in the study region among agricultural and industrial produc­
tion activities, in order to maximize aggregate income subject to certain 
institutional and environmental quality constraints. 
The quantity of soil erosion in tons per acre is an example of 
environmental quality constraints desired by society, while the policy 
to charge the polluters according to their share in increasing damages 
to society is an example of constitutional constraints. 
During the last two decades linear programming has become a widely 
known technique for planning at both the micro and macro levels. The 
provision here of a detailed explanation of linear programming is 
redundant. Extended theoretical treatments of the method can be found 
in Dorfman, Samuelson and Solow (18) and Heady and Candler (35). An 
excellent treatment of the practical application of linear programming 
for farm planning is provided in Beneke and Winterboer (5). 
Development of the model will be presented in three sections; The 
first one discusses the major components of the model and its limitation 
with respect to regional planning. The second section discusses the data 
needed by the model and their collection. Specifications of objective 
function and modification to meet certain assumptions at a given point of 
time constitute the third section. 
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Major components of the linear programming model can be expressed in 
the following form: 
n 
Maximize Z = . ^  c.x. . 
1=1 1 1 (1) 
Subject to: n 
^ ''j <2> 
and all x. ^0. i = l,...,n 
j = l,...,m (3) 
where: 
Z = value of the program or solution 
= process i, i = l,,..,n 
c^ = net contribution to Z from process i 
bj = quantity of resource j available, j = l,...,m and 
a^^ = amount of resource j required for one unit of process i. 
Equation 1 is the objective function which is to be maximized. 
Equation 2 expresses the constraints provided by the given resources. 
Equation 3 ensures that a non-negative amount of each process must enter 
the optimal solution. 
When using linear programming method in the context of regional 
planning, the foremost advantage of the method is the ease with which it 
can handle diverse types of firm organization and management requirements. 
Such flexibility is achieved by carefully defining the objective function 
which always embodies the goal of the planner. Manipulation of the 
constraints makes it possible to incorporate any self or otherwise im­
posed norms, such as upper or lower levels in resource use, in volume of 
total or specific output. 
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The particular form of the objective function to be maximized is 
discussed in the third section of this chapter. The activities or pro­
cesses, the a^j coefficients, and the c^ values are computed in Chapter 
VI, while bj values were derived in Chapter III and IV. 
The last section of this chapter explains the objective function for 
the base year. The next step is the modification of this objective func­
tion to find the optimal mix of activities in the region that will maxi­
mize aggregate income under various assumptions and society goals, at 
various points of time in the future. 
In spite of the importance of the linear programming approach in 
solving maximization problems in the real world, Dorfman, Samuelson and 
Solow (18) cautioned readers by stating that linear programming models are 
not strictly accurate representations of the economic situations with which 
they deal. Strict descriptive faithfulness is an unreasonable demand to 
make of any conceptualization. 
The most completely accepted of economics concepts - the production 
function, the demand curve, and other concepts would fail if held up to that 
standard. The basic purpose of a conceptual model is that it seizes up 
on the strategic relationships that control the phenomenon it describes, 
thereby permitting manipulation of its parameters. In linear optimization 
models, objective function and the constraints must satisfy the linearity 
1 2 
conditions of additivity and constant returns to scale. 
^The additivity property requires that the output and total returns 
associated with the sum of inputs are equal to the sum of the outputs and 
returns associated with the individual inputs. 
2 Constant returns to scale means that the total amounts of each output 
and the returns associated are strictly proportional to the amount of input 
thus if inputs are doubled for any activity the direct effect will be 
doubling of both output and returns. 
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Under the above two conditions, technology is assumed fixed at any 
point of time. This does not limit this study, because it is assumed that 
technology changes from one point in time to another, hence, coefficients 
of production, in any activity for 1970 are different from those at 1975 
and so on. 
Another problem of linear models is the evaluation of management 
efficiency for any firm or farm; this also is not a limitation that will 
reduce the value of this study. By dealing with the economy of the whole 
region, it is expected that all levels of management efficiency in both 
the agricultural and industrial sectors will be represented. By taking 
these averages, the coefficients will be a good representation for the 
whole region. 
Therefore, economic problems can be cast in this format without 
serious violation to concepts of U shaped curves or gently curving iso-
quants. In fact, this can be done with advantage if economic problems 
can be formulated in order to be amenable to the methods of linear pro­
gramming. Gains from this reformulation of the economic problems are 
twofold: 1) It is possible to bring to bear on economic problems powerful 
computational and solution methods developed for handling linear program­
ming problems; 2) By looking at familiar problems from an unfamiliar point 
of view, new insights on economic behavior and importance of problems under 
consideration may be gained. 
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Data needed and their collection 
The data needed in this research are those required by the linear 
programming model. The data include: 
1) Resource availabilities and constraints; These are the quanti­
ties and qualities of land, labor employed in various sectors in the 
economy, water need and discharge by various economic activities. 
Capital in forms of agricultural machinery in the agricultural sector 
or machinery in the industrial sector, where the latter is expressed in 
terms of book value of depreciable assets is taken. Other relevant con­
straints, if any, must also be known, such as minimum or maximum limits 
for certain activities. Data on resources are given in the previous two 
chapters. 
2) Activities or processes and their coefficients for crop produc­
tion in the agricultural sector and manufacturing products in the manu­
facturing sector must be known. The desirable and undesirable products 
of each activity should be known. Also the various alternatives or 
processes to produce crops on soils, or to minimize society costs from 
excessive soil erosion or water pollution must be known. Furthermore, 
the coefficients for livestock production must be known for the average 
unit size that does exist in the study region, and finally the coefficients 
of production in the industrial sector which are the input-output coeffi­
cients expressed in equation 2. 
All such information is presented in Chapter VII where the time 
period to which each coefficient refers will be clearly indicated. Yield 
trends: Costs of production and prices of agricultural products, are 
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included in the first section of Chapter VII. The manufacturing 
activities are discussed in the second section, 
3) Source of data: a) The author will utilize the available in­
formation with respect to yield trends, costs of production, and other 
coefficients in the agricultural sector from previous studies, research 
reports, census data and personal interviews with scientists in their 
fields on the campus; b) also manufacturer's census, population, and 
various special .reports related to industries will be reviewed to deter­
mine the relevant production function and the inputs coefficients. The 
order in which the data was collected and used is that: First existing 
data published and unpublished were collected; next, these data were 
augmented with direct observation in the area; finally, all the data 
were checked and corrected with persons involved in each speciality. 
Thus this research incorporates the most reliable information at the 
present time; there is no doubt that some of the data will be improved in 
the future when further research or field survey can produce more accur­
ate and reliable coefficients than those available now under certain 
assumptions. Such improvement is greatly welcomed and the results can 
be adjusted accordingly with the aid of the model. 
The objective function and constraints 
In a linear programming model the objective function expresses the 
goal of the regional planner or the society for which the planner intends 
to make the plan. 
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The starting point for the program will be the year 1970 where we 
maximize aggregate income from the economic activities that do exist in 
the basin "in the agricultural and industrial sector". 
This objective function will be maximized under two assumptions, 
namely: a) Maximization where the society is willing to improve the 
environmental quality through financial aid in terms of grants or loans 
with a very low rate of interest equivalent to 3 percent/year on invest­
ment in soil conservation practices; b) the second assumption assumes 
that the society will not provide the type of financial aid mentioned 
above, and the farmer has to finance his investment according to the 
going rate of interest assumed to be 8 percent at this stage. Both 
objective functions will maximize aggregate income subject to resource 
availability and certain levels of environmental quality. 
The model will use multiple objectives resource levels approach. 
The soil resources will not be changed, but the levels of soil erosion 
and the society costs or share in soils conservation investment to avoid 
damage will be specified at four different levels. The organization 
of the problems in this way will provide eight solutions, four at each 
rate of interest level, which will indicate how aggregate income will 
behave when the society invests or does not invest in soil conservation 
practices. Within each set of the four solutions the program will show 
the trade-off between aggregate income and erosion level. 
After optimization at the starting year 1970, the model will assume 
that the outputs for the optimal solution will be realized at 1975, and 
on this basis, the resources needed to achieve this optimum will be used 
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as input for maximization at 1975. The 1975 optimization will be used to 
obtain the 1980 optimal solution and finally, the 1985 solution will be 
obtained from the 1980 optimal solution. Before we go further, however, 
I would like to discuss the objective function to be used in this study, 





+ ^ "rj 
X .  S 0 
1 
D, S 0 d 
where : 
K = 1, 2 represents the two assumptions with respect to the rate of 
interest. 
Z = the value of the program for the solution. 
r = the level of resources associated with the objective function 
where r = 1, 2, 3, 4. 
= the economic activity in the agricultural sector where i = 1, 
2 , . . . 1 0 0 .  
c^ = the net return of each activity in the agricultural sector. 
Vj = net return expressed in terms of value added after cutting down 
some of the costs that are not accounted for in the program. 
where d = 101 - 190. 
D, = the economic activity in the industrial sector, while x. & 0 d •' 1 
and D ^  0 allow for non-negativity in any economic activity. 
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Optimization beyond the starting point 
From the previous discussion, it was decided to take the optimum 
solution of 1970 to provide the input for the 1975 optimum solution, but 
departing from the starting point, make the accuracy of determining the 
costs of production, net returns, and labor requirements, to be less 
reliable. Estimation of these input-output coefficients were made for 
the existing industries in the study region today. Labor requirements 
per one unit in each economic activity in the manufacturing sector was 
found and compared with United States average for comparable major group 
industries. Furthermore, extra labor costs for social programs are 
assumed to increase in the future. Estimation of these extra costs are 
made under two assumptions.^ 
The planning horizon for this study is 15 years. A picture of the 
economic performance at various points in time, namely 1970, 1975, 1980 
and 1985 will be provided. 
Under this approach the objective function to be maximized will 
have two forms: One assumes the labor requirements as found for the 
study region and the second assumes labor requirements based on the 
United States averages. 
Mathematically the two objective functions can be expressed as 
follows : 




^he determination of labor requirements and the need for two assump­
tions with respect to extra cost will be discussed in detail in Chapter VII. 
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subject to n 
^ "rje 
and that all x. ^ 0 le 
D. a 0 de 
where e refers to years 1975, 1980, 1985 
N = nation implies that requirements will be on the basis of the 
United States average. 
B = basin implies labor requirements will be on the basis of those 
found for the study region. 
v^^ = are the same as explained before but they represent 
values relevant to a particular year, e. 
L = 1, 2 refer to the assumption of extra labor costs. 
Z, k, r, are the same as was explained in 1970 model. 
The two forms of the model along with the set of assumptions will 
be presented below and also the arrangements of the objective functions 
to express various combinations of each form at any point of time will 
be summarized in Table 5.1. 
The reasons for having the second form which utilizes national aver­
ages for labor requirements is to show how the aggregate income can be 
increased in the manufacturing sector, through increasing the establish­
ments scale in any particular industry. This might provide the incentive 
to encourage firms of a smaller scale (59% of the establishments in the 
region have a level of employment (1-20) workerswhich was found in the 
1970 Iowa manufacturer's directory (47)) to expand. Since the total value 
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per establishment increases as the scale increases, then it might be 
important for the region's economy to increase the scale of the existing 
establishments whenever it is possible. 
Arrangements of the objective functions 
ZeB 11 This objective function assumes 3 percent rate of interest 
on investments in soil conservation practices. It assumes labor require­
ment as found for the study region, and extra labor cost according to 
assumption one called c. 
ZeB 21 The same as c, but the rate of interest on investment in 
soil conservation practices is assumed to be 8 percent called c2. 
ZeB The same as c, but extra labor cost will be assumed accord­
ing to assumption two called c3. 
Zeb 22 The same as c2 assume 8 percent rate of interest and 
labor requirements but extra labor cost will follow assumption two 
called c4. 
ZeN 11 This objective function assumes labor requirements as 
those for the United States averages, extra labor cost follow assumption 
one and 3 percent rate of interest on investment in soil conservation 
practices called c5. 
ZeN 21 The same as c5 but rate of interest on investment in 
soil conservation practices is assumed as 8 percent called c6. 
ZeN 12 The same as c5 but extra labor cost will follow assump­
tions two c7. 
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ZeN 22 Assumes 8 percent rate of interest on investment in soil 
conservation practices, assumption requirements on basis of the United 
States averages called c8. 
The environmental quality constraints were considered by allowing 
four levels of soil erosion and public costs for each one of the above 
arrangements. These four levels of soil erosion and the public cost 
associated with each one of these erosion levels are given below. 
Level B1 This limits soil erosion to 1.0 million tons of soil 
"less than two tons per acre" and also assumes that the public is 
willing to pay $3.2 million to ensure this level of erosion. 
Level B2 This limits soil erosion to 4.0 million tons of soil 
"about 6 tons/acre" and public costs or investment up to $2.6 million. 
Level B3 This allows soil erosion to 6.0 million tons of soil 
"about 10 tons/acre" but limits the level of public costs to $1.9 million. 
Level B4 This allows 9.0 million tons of soil erosion "about 
15 tons/acre" but limits public costs or investment to $1.0 million. 
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TABLE 5.1. Modifications of the model for the period 1975-1985 
Labor requirements in 
Basin U.S.A. averages 





Interest rate Extra labor 
assumptions costs 
assumptions 
3% 8% 1 2 3% 87o 1 2 
ZeB 11 X X (cl) 
ZeB 21 X X (c2) 
ZeB 12 X X (c3) 
ZeB 22 X X (c4) 
ZeN 11 X X (c5) 
ZeN 21 X X (c6) 
Zen 12 X X (c7) 
Zen 22 X X (c8) 
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CHAPTER VI. EROSION AND FLOOD CONTROL BY WATERSHED MAÎIAGEMENT 
The first annual report of the council on environment quality de­
scribed sediment and erosion as follows: 
Sediments carried by erosion represent the greatest volume of 
wastes entering surface waters. Sediments are washed in from crop 
lands, unprotected forest soils, and overgrazed pastures... 
(15, p. 37). 
The soil erosion problem was introduced in Chapter I. Also the 
characteristics of river basins as a natural spatial unit for this type 
of study was explained. Chapter IV discussed the natural resources with­
in the study region while Chapter V specified four soil erosion levels 
associated with four levels of public cost to be examined through the 
applications of the model in the study region. This chapter is con­
cerned with the interaction between soil and water that leads to soil 
erosion and sediments in free flowing streams. 
Studies of these interrelationships are useful in determining the 
needed coefficients such as cost and benefits of adopting soil conservation 
practices. The coefficients with respect to cost and benefits of soil 
conservation practices are needed in the application of the model to the 
study region. The procedure to determine the needed coefficients will be 
presented as follows: First, a survey of past public efforts to improve 
land and water use; Second, a discussion of sediment impact and sediment 
yield evaluation. Based on sediment yield estimations, combined with the 
development of the delivery ratio "explained later" relevant to the study 
region, an estimation of gross erosion will be made. The third section is 
concerned with the delineation of soil types that are the source of 
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sediments in the study region. This section will provide the needed data 
to find the level of gross erosion (tons/acre) within the study region. 
The fourth section is related to estimation of sedimentation and flood 
damage that can be avoided through soil conservation practices. The avoid­
ance of the various kinds of damages will be considered as benefit of soil 
conservation practices, which will be established later. The cost of con­
structing these practices will be based on the average construction costs 
of these practices on various soils that exist in the study region. 
Public efforts 
Public efforts to improve land and water resources have been oriented 
largely within firms and more recently, within river basins.^ As a re­
sult, land and water use problems which fall between the firm and the 
river have received insufficient attention in our public program of land 
and water use. 
There is a rapidly growing recognition of the necessity for 
developing further a third approach to land and water use problems, 
oriented between firms and within subareas of river basins. This 
third approach is known as watershed development, (88, p. 
1170). 
This approach rests upon the physical and economic character of the 
nature and consequences of the joint behavior of land and water within 
watersheds. According to Professor Timmons (88) watershed development 
has three important and interrelated objectives. These are; a) maximi­
zation of the net value returns of goods and services over a period of 
^ith relatively few exceptions, public measures for erosion control, 
soil conservation and land use adjustments have endeavored to achieve 
their objectives through the individual farm approach. This has been the 
general approach of soil conservation service and so.1 conservation dis­
tricts (88, p. 1170). 
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time from resources within watersheds; b) allocation of costs and com­
pensations in an equitable manner among the various public and private 
participants in watershed development; and c) the working out of cost 
sharing arrangements in such a manner that they contribute toward an 
equitable sharing of net value returns over time from the watershed's 
resources. 
The interrelated consequence of the physical and economical charac­
teristics of the watershed provide a basis for delimiting and diagnosing 
problems and for developing and appraising alternative solutions for 
watershed development. The above introduction, particularly the three 
objectives outlined by Timmons provide guidelines for the study of water 
erosion and flood control problems. 
Sediment, sediment yield and erosion 
The growing concern about the necessity for controlling erosion and 
sedimentation is a direct recognition of two major effects of sediments on 
the environment. One, it depletes the productivity of the land from which 
it is derived, and two, it impairs the quality of water in which it is 
transported and deposited. 
Soil erosion is a complex process involving the detachment and trans­
port of soil particles down slopes by raindrop impact and water runoff. 
The rate of erosion is a function of the rainfall's intensity and duration, 
soil's erodibility, steepness and length of the slope, soil cover and 
supporting soil conservation practices. Stabilization of the soil surface 
by land and water management practices is the most direct approach to min­
imize sediment production and subsequent sediment yield from agricultural 
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land (37). Crop and soil management practices, combined with supporting 
erosion control practices such as contouring, strip cropping, terracing, 
and grass waterways, are effective means of erosion control developed 
for use when growing cultivated crops. 
The overall impact of soil erosion upon flood control and water 
quality may be assessed in terms of (1) sediments deposited in channels, 
reduce their carrying capacity during the critical time of high surface 
runoff as a result of which farm lands and urban areas may experience 
more frequent flooding, (2) during floods, infertile overwash, such as 
sand and gravel deposits on agricultural bottomland, can cause severe 
loss of productivity. These deposits may either destroy the land for 
agricultural use or require expensive treatment to return the land to 
productivity; (3) sediment loads transported by streams in a basin have 
an influence on the location and design of storage reservoirs. Planning 
for storage reservoirs must take into consideration the sediment problem 
because the useful life of reservoirs is shortened by sediment deposition, 
as will be shown later; (4) sediment in streams, lakes and reservoirs, 
has a detrimental effect on certain uses of resources, especially recrea­
tion, and on the biological and aquatic life supported by the water. 
Suspended sediment, particularly fine clays and silts, causes water to 
become turbid. Turbidity reduces the aesthetic quality of the water and 
decreases its value for recreational purposes. The movement and depositing 
of sediments in stream channels can seriously reduce fish propagation by 
destroying or burying nesting areas. These problems of sediment damage 
were recognized by the upper Mississippi River, comprehensive basin study 
(93, pp. 33-37). It is also recognized by leva's new conservancy 
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district and soil loss limit regulations (48). Early in 1963 W. D. 
Shrader, H. Johnson, and J. F. Timmons (77) conclude that soil erosion 
continues at an excessive rate in many areas. The three authors em­
phasized that erosion control must be achieved within the framework 
of agronomic and engineering technology, along with consideration of 
the economic consequences, of alternative procedures on a particular 
soil. E. L. Sauer, J. L. McGurk, and L. J. Norton (74) had mentioned 
that even on gentle slopes erosion is a serious problem. 
All the above and many others recognized that soil conservation can 
be employed to eliminate or reduce these damages. 
Determination of gross erosion 
Sedimentation yields were determined from estimates made by the 
Upper Mississippi River Basin study (93) as shown in Figure 6.1 which gives 
the sediment yield for each land resource area in the basin. By assuming 
that sediment yields for any land resource area are homogeneous regard­
less of their location (with respect to any given watershed) Table 6.1 
was constructed, to show the areas of each land resource type, annual 
sediment yields in tons per square mile, and total sediment in tons per 
year. Since sediment originates partly from stream-bank erosion and partly 
from upland erosion, it was assumed in this study that stream-bank erosion 
contributed 20 percent of the total sediment.^ This implies that the total 
sediment from upland sources will be equivalent to 0.8 of total sediment 
2 
yield and it is equal to 1,398,940 x .8 = 1,551,152 tons per year. 
^Information obtained from H. P. Johnson, personal communication. 
March, 1973. 
^See Table 6.1, 
JT iC(ÛOO 
108 & 109 
i 10 100 1000 IQfiOO 
Drainage Area, Sq. Mi. 











Figure 6.1. Sediment's yield by different land resources areas in the Skunk River Basin study 
region (93, G-34) 
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103 1140 230 262,200 
108 4036 340 1,372,240 
109 434 700 304,500 
Total 5610 — - 1,938,940 
The relationship between sediment yields and gross erosion can be 
understood if it is recalled that the process of soil erosion includes 
both detachment and transportation of soil particles to the natural 
outlet. Sediment represents that portion of gross erosion that was 
transported to flawing streams. The quantity transported depends on the 
delivery ratio.^ 
The delivery ratio (defined below) depends on the size of the . 
watershed and topographic conditions. This ratio is expected to be 
higher for steep watersheds with well-defined channels than it is for 
watersheds with low relief and poorly defined channels. Another factor 
in determining the delivery ratio is the soil texture. The delivery ratio 
will be higher in the case of silt or clay soils than when the soil tex­
ture is coarse. To guide in determining the delivery ratio for the study 
areas. Table 6.2 was constructed to show the slope range for the various 
soils in the basin. 
^Delivery ratio of a watershed is the percentage of the total soil 
erosion from the area that is delivered to a specific point on a stream. 
TABLE 6.2. Summary of major upland soils in the Skunk River Basin by 
slope range (thousand acres) ^  
„ ^ Webster Taintor Muscatine Meller & Grundy & Clarion 
cype Undley Haig 
Slope range area 0-3 0-3 1-4 1-4 1-7 2-12 
Area one (103) 440 293 
Area two (108) 151 409 14 
Area three (109) 36 168 
Total land by 
slope range 591 445 182 293 
Suggested 
delivery ratio .03 .04 .05 .02 
^Source: Table A4 "Appendix A''. 
^Weighted delivery ratio for the basin. 
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Tama Clinton Mahaska Lindley Total 
for area 
Weighted 











662 500 492 3400 
.25 .20 .15 .30 0.13^ 
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Table 6.2 summarizes major upland soils by each sub-area within 
the basin and total land in each one of the slope ranges. The last row 
of Table 6.2 gives the suggested delivery ratio for a given slope range 
and a particular soil type.^ Values in the column which give weighted , 
delivery ratios by area were found by multiplying the acres in each slope 
range by the suggested delivery ratio for that slope, and then adding 
to obtain a weighted delivery ratio for the basin. To illustrate, the 
delivery ratio for area one was found as follows: 
In the range of 0-3 percent slope, there are 440,000 acres with a 
delivery ratio of .03. In the range of 2-12 percent, there are 293,000 
acres with a delivery ratio of .2. The weighted delivery ratio for area 
one is equivalent to: 
= (440.000x.03, + (2,3.000)(.2) , approximately. 
By the same procedure, the weighted delivery ratio for the other 
two areas were found to be .14 and .102 for the second and third areas 
respectively. The weighted delivery ratio applicable for the study area 
was found from the following relationship: 
3 
E (Ai)Dri 
i = 1 
D.R.B. = • -y 
E Ai 
i=l 
Information with respect to this ratio.was obtained from Professors 
H. P. Johnson and C. W. Beer, Agricultural Engineering Department, Iowa 
State University, and Professor W. D. Shrader, Agronomy Department, Iowa 
State University, personal communication, April, 1973. 
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where D.R.B. = study region's delivery ratio 
Ai = area i in acres 
Dri = delivery ratio of area i 
i = 1, 2, 3. 
Therefore 
n o n  _ 733,000(0.1) + 2,338,OOP(.14) + 279,000(.102) _ 
• * 733,000 + 2,338,000 + 279,000 -.iJ-
This implies that estimated sediments delivered to the streams 
equal 13 percent of the gross erosion. Then gross erosion from the basin 
= ^ ~ 11,931,934 tons per year. 
To determine the source of sediment from gross erosion. Table 6.3 
was introduced to summarize soil loss from various classes of land under 
alternative management practices for a region in southwest Iowa, as 
determined by Jacobs (52, p. 175). 
TABLE 6.3. Soil erosion from various soil classes 
Land class Management system 
Soil Loss 
tons/acre/year 
I a) Conventional tillage 
b) Permanent pasture 
5.41 
.05 
II a) Conventional tillage 
b) Permanent pasture 
14.05 
.14 
III a) Conventional tillage 
b) Permanent pasture 
70.9 
.69 
IV a) Conventional tillage 
b) Permanent pasture 
177.0 
2.6 
Although the indicated soil losses above found for the southwestern part 
of the state may not represent the actual soil losses from the Skunk River 
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Basin study region, the main purpose of introducing Table 6.3 is to 
show the proportion of soil losses from various soil classes under two 
management systems. The ratio of soil erosion under permanent pasture 
to that under conventional tillage was assumed to hold in the study 
region as well. For that reason, it was assumed that forest land and 
pasture areas within the basin contribute a negligible amount to total 
sediment production and therefore can be ignored for practical purposes. • 
This leaves only the area under crop rotation to be the source of 
sediment from gross erosion. Not all the area under crop rotation 
contributes to erosion, because some need no treatment, as was shown in 
Chapter IV. It can be seen from Table A7, Appendix A, that only 1,162,000 
acres are subject to accelerated erosion. However, only 781,000 acres 
need soil conservation treatment, because some have already been treated 
or are under permanent vegetation. 
These 781,000 acres are assumed to be the source of major erosion 
problems. Since land that requires terraces has a steeper slope than 
that of contour lands, it was assumed in this study that sediment from 
erosion produced on one acre of land needing terraces, was equal to four 
times the sediment from one acre of contour lands. 
This implies that the area subject to erosion expressed in terraces 
equivalent will be 607,000 acres. 
Gross erosion estimated to be 11,931,934 tons in the previous 
section, originated from the 607,000 acres as was found in this section. 
Therefore erosion from one acre of terraces equivalent is equal to: 
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^607^000^^ ~ 19*7 about 20 tons/acre, year. 
Hence, by the previous assumption that erosion from land that needs 
contouring or strip cropping is only one-fourth of that requiring 
terraces, then the erosion on contour land is 5 tons per acre per year. 
Determination of damages 
Sedimentation damages The Upper Mississippi River Basin 
Study (93) had estimated the sedimentation damage for the Upper Mississippi 
watershed, on the basis of 1960 prices as shown in Table 6.4. The table 
gives the average annual damages in millions of dollars for eight identi­
fiable kinds of damage. 
By assuming that flood damage and sedimentation damage are homo­
geneous over the whole area of a major watershed (i.e.. Upper Mississippi) 
and that the share of any subdrainage area will be proportional to its 
size in the main drainage basin, then the annual share of the Skunk River 
Basin will be equal to: 
^ .3,430,000 . = 0.771 million dollars 
411,200,000-' = $771,000. 
This was calculated by multiplying the total damages from Table 6.4 
by the ratio of the Skunk River Basin study region to the entire Upper 
Mississippi area. 
Since damages were calculated on the basis of 1960 prices, the 
estimated annual costs adjusted to 1970 prices was calculated to be = 
$984,567.1 
^Price index of all commodities in 1970 equals 127.5 for the base 
year 1960 = 100. 
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TABLE 6.4. Sedimentation damages in the Upper Mississippi River Basin -
in millions of dollars as expressed in 1960 prices ^  
Identifiable damages Average annual damages 
$ Millions 
a) Infertile over wash 2.5 
b) Swamping 1.8 
c) Increased inundation 0.7 ' 
d) Drainage improvement 5.8 
e) Transportation facilities 8.8 
f) Water filtration 0.3 
g) Reservoirs 2.9 
h) Dredging 2.2 
Total 25.0 
^Source: (93, p. 36) 
Flood damage An estimate of flood damage by the U.S. Corps 
of Engineers (94) is given in Table 6.5, which gives the average annual 
damage estimated for 1970 and which predicts average annual flood damage 
for the years 1982 and 20C0. From Table 6.5 the average annual damage 
for the study region is $2,361,900, but since the study area is larger 
than the basin and equal to 1.2 of the basin area, then the total flood 
damage adjusted to the study area is equal to: 
1.2 X 2,361.9 = $2,834,300. 
Therefore total study area damage from sedimentation and flooding is 
equal to about 3.819 million dollars as calculated by: 
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1 622.3 1.34 833.9 1,167,500 
2 754.1 1.35 1018.0 1,425,200 
3A 2.9 1.33 97.0 135,800 
3B 412.6 1.33 548.6 765,200 
4 (includes 
Squaw Creek) 257.4 1.32 339.8 472,300 
5 80.2 1.34 107.5 150,500 
Cedar Creek 16.3 1.32 21.5 30,100 
Indian Creek 
A 62.2 1.32 82.5 114,900 
B 28.3 1.32 37.4 52,400 
Cedar Creek 55.6 1.32 73.4 102,800 
Total 2361.9 3159.6 4,416,700 
^Source: U.S. Army Engineers (94) Table BIO. 
Since the study area is 1.2 times of the basin, then total damages 
in the study area for the year 1970 = 2361.9 x 1.2 = $2834.30. 
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Sedimentation damages = 984,567 
Flood damages = 2,834,300 
Total =$3,818,867 
Since it was assumed earlier that these damages can be attributed to the 
runoff and erosion from the 607,000 acres that needed soil conservation 
practices, the average damages per acre is then equal to $6.3 per year. 
Determination of soil erosion impact on loss of productivity and fertili­
zers needed 
The impact of soil erosion on fertility and cost of production was 
calculated as follows: 
Erosion is a long-term process. Its impact on soil productivity in 
each year cannot be exactly determined because of the many factors in­
volved in agricultural production, such as climate, technology, manage­
ment, fertilizers, and seed quality. Generally speaking, the negative 
effect of soil erosion on soil productivity is usually recognized (83).^ 
To determine the impact of erosion on soil productivity in the study area, 
it was assumed that the furrow slice depth is the major portion of the 
soil profile from which plants obtain their nutrients. This assumption 
is needed to help determine the impact of erosion on soil productivity. 
Then the question to be asked is, how much will soil productivity decline 
if the entire depth of the furrow slice is fully eroded? 
The percentage of productivity decline for a given type of soils in 
the basin is shown in Table 6.6. This was calculated with the assistance 
^Professor Roger Landers, Acting Chairman of the Subcommittee on 
soil erosion in Iowa. 
TABLE 6.6, Summary of major upland soils in the Skunk River Basin: Erosion effect on yields/acre 
and cost of production ^ 




Lind- & & Total 





662 409 462 455 235 151 14 




Total basin 293 440 662 409 500 492 235 151 182 36 3400 
Acres eroded 
completely 2,0 







1 2 , 2  
^he data and conclusions of this table are based on personal interview with Dr. Shrader from 
the Agronomy Department, Iowa State University, 
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of Professor Shrader of the Agronomy department, Iowa State University. 
It was found that the weighted yield reduction from eroded soils was 
14.7 percent. By assuming a linear relationship between soil depth and 
percentage decline in productivity^ Graph 6.2 can be drawn to show by 
how much soil productivity will decline with every additional inch 
eroded from the top soil. 
The 14.7 percent decline in productivity, cranpared to uneroded soils, 
will take place over a time long enough to erode the top 6 inches. 
To estimate the time required, it was assumed that the weight of an 
acre-inch of soil is 150.0 tons on the average. The quantity to be eroded 
from 6 inches is therefore 900 tons. In previous discussion, it was 
estimated that the gross erosion within the study area is 20 tons/acre/ 
year on land requiring soil conservation treatment. Then the time re­
quired to erode the furrow slice soil depth is equal to 45 years. 
Since the rate of decline in productivity was found to be 14.7 per­
cent, then the rate of decline in productivity per year is therefore 
14.7 percent divided by 45 years or .326 percent per year. 
To evaluate the impact in dollars, the following relationship was 
used: 
Weighted value = .3267oYi Pi Wi 
= .00326 Yi Pi Wi 
where 
Yi = yields of crop i 
Pi = price of crop i 
^This is a simplifying assumption. 
Soil depth 




2 .0"  
1.0" 
0.0" 
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
Percentage decline in productivity 
Figure 6.2. Decline in soil productivity in response to soil depth eroded 
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Wi = percentage of land under crop i 
i = 1, 2, 3, 4. 
Using the above relationship and data available on average yields and 
prices Table 6.7 was constructed, in order to obtain the total weighted 
reduction. 
TABLE 6.7. Value of weighted reductions 
Weight Share of crop 
Crop Yield Price (7» of land in weighted 
i Yi $ Pi under crop) reduction 
per acre Wi # 
Corn 95 bu. 1.1 35 11.9 
Soybeans 35 bu. 2.5 9 2.6 
Oats 75 bu. .65 16 2.5 
Hay and pasture 3.2 tons 20.0 40 8.3 
Total 100 25.3 
In addition to declines in productivity, the amount of additional 
fertilizer that producers add to their eroded soils to compensate for the 
fertilizer loss, should be considered. This can be estimated by the 
following procedure. 
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To estimate the loss of nutrients from soil, consider the relation­
ship in Table 6.8 obtained from Jacobs (52, p. 175). Table 6.8 gives the 
degree of erosion and phosphorus loss in lbs/ton eroded under alternative 
soil management and for different soil classes.^ 
Table 6.8 supports the assumption that damage mostly originates on 
soils that need conservation practices. Furthermore, it is seen that 
terraces reduce the quantity of phosphorus loss by 96 percent of the 
total loss under conventional tillage. 
Since the estimated soil erosion from soils that are subject to 
erosion in the study region was found to be 20 tons/acre/year, it can be 
seen from Table 6.8 that the concentration of phosphorus can be assumed 
as 1.5 lbs/ton which yields a total of 30 lbs/acre as compared to 1.2 
lbs/acre from terraced land. This implies that terraces save almost 29 
lbs of phosphorus per acre. 
To estimate the quantity of nutrients lost. Table 6.9 was construc-
2 
ted to show gross plant nutrients, the quantity of nutrients available, 
and the quantity eroded with 20 tons of soil for the three major elements. 
Only some of the data presented by Jacobs (52, p. 175 is given here. 
Minimum tillage was excluded because it is not part of the study. Also, 
all the combinations with crop rotation R2 was excluded, because the in­
tention is to show the variation in quantity eroded and nutrients lost 
for different soil classes and soil conservation practices. 
2 
Information obtained from Dr. T. E. Fenton and Dr. E. Voss, 
personal communications, August, 1972. 
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Source: James Jacobs thesis (52, p. 175). Although the study was made in western Iowa where 
the soil is subject to severe erosion and different phosphorus quantities, nevertheless the data is 
presented here to show the variation in quantity eroded and nutrients lost for different soil classes 
with various management systems. 
TABLE 6.9. Estimated total phosphorus, nitrogen and potassium content of the basin soils - data 
from old soil survey in the 6" soil depth ^ 













































Hamilton 3736 52 75 167 1302 31 65 130 185 0.8 0.5 3.3 
Marshall 4162 37 83 208 1250 32 63 125 253 0.6 0.5 4.6 
Jasper 3966 40 79 198 1137 32 57 114 236 0.8 0.5 4.2 
Poweshiek 3236 42 65 162 1572 29 78 157 252 0.7 0.5 4.6 
Mahaska 3404 43 68 170 1122 33 56 112 228 0.6 0.5 4.4 
Henry 3288 39 66 164 1355 29 68 136 160 0.7 0.5 2.8 
Washington 2940 38 59 147 958 36 48 96 200 0.6 0.6 3.5 
Story 3736 41 75 167 1302 28 65 130 153 0.65 0.5 2.6 
Jefferson 3688 39 74 184 1376 22 69 138 169 0.65 0.4 2.4 
Keokuk 3460 42 69 173 1350 28 68 135 202 0.7 0.5 3.6 
^Source: Information was obtained from Dr, T, E. Fenton, personal communication. 
^Information on potassium as those given for nitrogen and phosphorus is not available on 
county basis. 
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According to Verduin (108, 65) the quantities in Table 6.9 do not reflect 
the existing nutrient loss from soils. Verduin presented data which in­
dicate that phosphorus levels in all major streams of the United States 
are five to thirty times higher than those observed in streams of forest 
areas, i.e., "natural level". 
It has been observed that eroded soil generally contains a higher 
concentration of silt and clay, organic matter and plant nutrients than 
the soil from which it was eroded. This selective removal of constitu­
ents by erosion has been termed fertility erosion (62, pp. 543-547). 
Massey et al. was quoted by Jacobs (52, p. 42) reports an average enrich-
I 
ment ratio of 2.7 for nitrogen and 3.4 for phosphorus. On this basis the 
quantity eroded from the three elements is given in Table 6.10 where 
columns 1, 2 and 3 show the loss from available nutrients, while columns 
4, 5 and 6 give the gross quantity eroded from each soil. The same 
table also gives the averages for the study region. Taking the market 
prices of the above nutrients, 5/lb, 7.7/lbs and 6c/lb for N, P, and K 
respectively, the value of nutrient loss - 67.Of/acre and total loss from 
decline in productivity plus fertilizer loss = $.92/acre. 
The impact on farmability and cost of production 
Studies on erosion impact and on cost of production by William D. 
Shrader, Howard P. Johnson and John F. Timmons (77, p. 195) indicate 
that erosion increases cost of production. A cost effectiveness study by 
Spomer et al. (82) showed that the slope of farmable land on the terraced 
^Enrichment ratio is the increase in the contents of constituents 
in the eroded soil over that in the original surface soil. 
TABLE 6.10, The quantity eroded from the available and the gross nutrients in soils ^ 
Nitrogen Phosphorus Potassium Erosion from gross quan. 
Gross Avail­ N Gross Avail­ P Gross Avail­ K lbs N P K Loss after 
N able N eroded P able P eroded K able K eroded lbs lbs lbs fertilizer 
lbs/ lbs/ lbs lbs/ lbs/ lbs / acre N P K 
County acre acre acre acre 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 
Hamilton 3736 52 2.5 1302 31 2.0 185 3.3 60 21 2.9 3.3 3.6 
Marshall 4162 37 1.9 1250 32 2.0 253 4.6 67 20 2.4 3.3 4.9 
Jasper 3966 40 2.5 1137 32 2.0 236 4.2 63 18 2.9 3.3 4.5 
Poweshiek 3236 42 2.1 1572 29 2.0 252 4.6 52 25 2.6 3.3 4.9 
Mahaska 3404 43 1.9 1122 33 2.0 228 4.4 54 18 2.4 3.3 4.7 
Henry 3288 39 2.1 1355 29 2.0 160 2.8 52 22 2.6 3.3 3.1 
Washington 2940 38 1.9 958 36 2.5 200 3.5 47 15 2.4 3.6 3.8 
Story 3736 41 2.0 1302 28 2.0 153 2.6 60 21 2.5 3.3 2.9 
Jefferson 3688 39 2.0 1376 22 1.7 169 2.4 59 22 2.5 3.0 2.7 
Keokuk 3460 42 2.1 1350 28 2.0 202 3.6 55 22 2.6 3.3 3.9 
(1) Assuming 2,7 enrichment ratio for F 
(2) Assuming 3.4 enrichment ratio for N 
(7) Average nitrogen loss =2.6 lbs/acre 
(8) Average phosphorus loss =3.3 lbs/acre 
(9) Average potassium loss =3.0 lbs/acre 
Source: Table 6.9. 
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watershed, was decreased an average of 4 percent where the original 
topography varied from 8-14 percent. A study of the effect of land slope 
on machine efficiency by Mitchell and Beer (65) showed that the effect of 
this decrease in slope would mean an 18 percent increase in the average 
.speed (mph) of field implements. Assuming the cost of a tractor use 
operation at $3.01/acre/year, this would mean a 54 cent saving per acre 
on the terraced watershed. 
At this point a summary of all the damages will be given below per 
one acre unit. 
1) Sedimentation and flood damages within the study area=$6.3/acre. 
2) Fertilizers and decline in productivity = 0.92/acre. 
3) Cost related to farmability = 0.54 
Total costs = $7.76/acre. 
In addition to these tangible damages, there are many others, such 
as changes of water quality for recreation purposes and the change in 
land value , particularly on these types of soils where erosion results 
in permanent disinvestment (77). But evaluation of these damages is so 
complicated that it will be enough at this stage to assign a negative 
sign to these damages, or to say in other words, this implies that damages 
per acre could be above $7.76. 
The efficiency of soil conservation practices 
From the previous discussion it was found that total damages per 
acre are equal at least to $7.76. Also it was established in the previous 
sections that the sources of these damages are lands that need soil con­
servation treatment. Now the question is: How efficient are soil 
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conservation practices in controlling erosion and flood damages? Is it 
possible to achieve complete erosion and flood damage control by soil 
conservation practices alone? Is it possible to achieve these objectives 
by investing in highly expensive structures such as large dams? Finally, 
to what extent can soil .conservation practices by substituted or con­
sidered complementary to the construction of large dams? 
The above three questions are the heart of the flood control contro­
versy for which neither time nor space is available to discuss all the 
various views within this study. The conflict in essence is between the 
proponents of soil conservation practices identified as the proponents of 
upstream management and the proponents of large dams or the proponents of 
downstream management. 
It was stated before that this study will not cover the various views 
on the question. Interested readers can find detailed discussion on the 
controversy in (13, 34, 59 and 92). However, the main points of each 
side will be summarized as follows. 
The proponents of downstream projects base their arguments on the 
necessity of constructing large dams to eliminate flood damage from high 
intensity storms which cover larger areas and are of longer duration. 
They believe that under these conditions upstream treatment will not be 
efficient to eliminate the expected damage from such storms. According 
to this logic, they argue that an entire river basin must be examined 
when planning any land and water resource development. Proposals for any 
smaller watershed should fit into the entire river basin plan, Tolley 
and Riggs (92). This suggests that first priority must be given to 
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downstream project investments, while upstream investments should be 
limited to those cases that do not reduce the economic justification 
for downstream development. 
However, the proponents of upstream development argue that invest­
ments in downstream projects do not benefit the upstream lands where 
erosion will still continue unabated. Sediments will be carried by sur­
face runoff into natural channels and will eventually reach the streams 
and reservoirs. For this reason, the proponents of upstream treatments 
argue that investment in upstream development is essential to protect the 
upstream land, to reduce sedimentation in the streams, and to lessen 
flood damage. If investment in upstream lands is delayed in order not 
to jeopardize the chances of downstream projects, then the cost of delay 
must be charged against downstream developments, when the planning agency 
derives the cost/benefit ratio for the downstream investment. 
The controversy continues and no firm conclusion has yet been 
reached. It is not the objective of this study at this point to take a 
definite position with respect to the conflicting views. The objective 
is to represent the facts related to the nature of flood damage in the 
study area, and based upon these facts, to suggest criteria for needed 
investment in general river basins development. 
The procedure used to present the facts begin by reviewing the nature 
and flood history in the study region. The second section will discuss 
the alternative approaches to flood control, illustrating the advantages 
and disadvantages of these alternatives. The above two sections will pro­
vide the needed information to formulate decisions with respect to invest­
ment allocation. 
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The flood history in the Skunk River Basin 
Historically the Skunk River Basin has experienced many extremes 
of weather, including floods and droughts. A summary of this weather 
fluctuation is given in Table 6.11 for the period 1881-1956. The years 
of maximum and minimum precipitation are given for selected stations. 
Also maximum rainfall per 24 hours at these stations is given. This 
maximum rainfall per 24 hours is of interest and is particularly important 
for planning flood control structures. Reference to this maximum will be 
made later, but at this point, it is necessary to consider the discharge 
level or magnitude at which flood damage begins in the basin. This 
minimum discharge for zero flood damage is given in Table 6.12 for 
various stations in the basin. Also included is the estimated percent 
chance of the flood occurring in any given year. 
Table 6.12 shows that not every drop of water will cause flood 
damage although it does contribute to total quantity of water discharged. 
Records of damage for maximum floods and others of lesser magnitude 
are extremely scarce for the Skunk River Basin. Although the floods of 
1944, 1947 and 1954 were not necessarily the greatest of record through­
out the basin, they are the most recent which have occurred and are of 
sufficient magnitude to illustrate various aspects of flooding in the 
Bas in. 
May 1944 flood The flood hydrograph for this flood at three 
stations is given in Figure 6.3b. The May 1944 flood illustrates the 
rural character of basin damage for even great floods. Under the present 
^This section relies heavily on data from the work prepared by Iowa 
Natural Resource Council (40, pp. 35-50). 
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TABLE 6.11. Abnormal and normal precipitation in inches for the year 
1881-1956 ® 
Normal Maximum Minimum Maximum 
annual 24 hrs. rainfall 
Station precipitation inches year inches year inches date 
Ames 30 .75 51. 90 1881 18.65 1910 5.95 8/22/54 
Boone* 32 .06 51. 15 1881 19.59 1930 4.95 8/29/07 
Fairfield 34 .32 65. 90 1858 18.84 1956 4.87 6/18/46 
Grinnell 33 .40 36. 35 1881 20.65 1910 5.52 9/30/19 
Mt. Pleasant 34 .73 52. 13 1902 16.74 1901 7.59 6/15/30 
Newton 32 .73 50. 98 1902 19.08 1910 5.25 8/26/03 
Oskaloosa 32 .54 53. 84 1951 15.57 1956 6.21 6/26/32 
Sigourney 32 .78 50. 69 1902 17.11 1956 5.34 6/12/46 
Washington 33 .89 50. 39 1951 16.56 1901 9.63 6/15/30 
Webster City 30 .66 47. 15 1881 19.06 1910 6.27 7/ 7/55 
* Boone is outside the Skunk River Basin. 
^Source: Iowa Natural Resource Council (40, p. 15) Table 7. 
TABLE 6.12. Minimum discharges for appreciable flood loss and percent 
chance of occurrence at selected stations ^ 
Minimum Percentage 
discharge for chance of 
zero flood occurrence 
Drainage area damage in any 
Stream Station (sq. miles) (CFS)b given year^ 
Skunk River Augusta 4,303 10,900 77 
Skunk River Coppock 2,916 7,500 80 
Skunk River Ames 315 3,490 12 
Skunk River Oskaloosa 1,635 3,650 83 
North River S igourney 730 4,200 62 
Squaw River Ames 204 3,400* 15 
^Source: An inventory of water resources and water problems Skunk 
River Basin Table 18 (40, p. 37). 
^This estimated minimum by U.S. Corps of Engineers, March 30, 1951, 
Review report of flood control. Skunk River, Iowa (not published). 
^lowa Highway Research Board, 1953, Iowa Floods, magnitude and fre­
quency . 
^This minimum is very low and actual observations suggest that this 
level can be increased by 40 to 50 percent. The information was obtained 
from Professor Dougal, Iowa State University, personal conmunication, 6/73. 
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state of development about 85 percent of the damage sustained was to 
growing crops. As serious as these losses are, the flood threat is 
considerably more severe in other basins in the state where lives and 
urban property are endangered during floods. 
1947 floods The largest flow occurred at Ames on June 13, 1947 
and the observed peak was 5900 cfs. At Augusta the greatest flow 
experienced-was 29,000 cfs on June 3 to July 6, 1947. Daily flows 
were continuously in excess of 10,900 cfs, the flow at which flood damage 
begins to occur, according to the corps of engineers. 
The floods of June 1947 illustrate that record breaking discharges 
are not needed in order to cause extensive damage. 
June 1954 floods The floods resulted from heavy precipitation 
above Ames on the night of June 9 and 10 and affected the river and its 
tributaries only in that area. The maximum rainfall recorded was 5.18 
inches of rain. Above Story City (see Figure 6.3a) the flood was the 
greatest experienced since 1918. The peak discharge near Randall was 
estimated to be 13,600 c.f.s. from a drainage area of 163 square miles. 
Alternative measures for flood control 
Leopold and Maddock (59, p. ix) discussed the controversy: 
Flood control has a land as well as an engineering aspect. The 
upstream phase consists of conservation practices and structures on 
watershed lands. The downstream phase involves major reservoirs, 
levee system, and related installations in major river valleys. The 
two programs are complementary not interchangeable, and one cannot 
be substituted for the other. 
In this study it will be shown later that there is a good possibility 
of substituting upstream program for downstream program but not the other 
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Thus there are various alternatives for achieving flood control objectives 
such as zoning, construction of levees, reservoirs and soil conservation 
practices. The use of either one or a combination of two or more of 
these alternatives depends on the objective of the planning agency and the 
actual conditions in the basin under consideration. Under the present 
study the last two will be compared in terms of their effectiveness in 
controlling flood damage, soil erosion, and contribution to improve 
environmental quality, but before this, the benefits from flood control 
will be discussed. 
Haveman (34, p. 15) gave three major benefits: a) reduction of crop 
damage - Haveman assumed that reduction of crop damages from flooding has 
a demand schedule associated with it. This demand curve "Figure 6.4" 
displays a rising portion of the initial units of flood protection ser­
vice made available, followed by a downward sloping portion associated 
with output beyond some maximum incremental willingness to pay level." 
If we assume the above demand function to be constant over time, then 
the value of the outputs equals the sum of the areas under the demand 
curve for each time period, discounted appropriately so as to yield an 
estimate of the present value of the crop damage averted because of the 
project. 
b) Reduction of property damage from flooding. Here also, there 
exists a demand function for the output of the investment facility. This 
T^his phenomena occurs because of the pattern of flood plain develop­
ment prior to the flood control projects. Because little cropping takes 
place on that portion of the flood plain inundated annually or biannually, 
flood protection that eliminated only the one or two year floods would 
have little economic value; costs would be high. 
105 
function expresses to what extent those who benefit from this protection 
are willing to pay per unit of time. 
c) The reduction of indirect production losses from flooding. 
These benefits from a reduction of production losses associated with 
activities not experiencing direct physical damage from flooding. 
Haveman (34, pp. 17-19) gave examples of three cases under this 
category. Case one: - A competitive firm with an essential input 
destroyed by a flood. Case two: - A competitive business temporarily 
forced to reduce output because of flooding of facilities. Case three: -
A competitive firm forced to reduce output because of flood induced de­
crease in demand. Each one of the above firms is willing to pay and 
obtain protection but the reasoning of each one is different. 
Problems associated with reservoirs 
There are many problems that reduce the effectiveness of reservoirs, 
the most important ones are: 
1) Sediment carried by a stream will be deposited in a reservoir 
and thus reduce the storage capacity of the dam. and increase the cost of 
dredging to restore the reservoir capacity. The actual expenditure or 
the loss of water would almost invariably be greater than the cost of 
replacing the lost storage capacity by increasing the height of the dam 
or building a new dam. 
Evaluation of factors affecting reservoir sediment deposition by 
C. W. Farnham, C. E. Beer and H. C. Heinemann (23), shows that the amount 
of sediment deposited to the reservoir is highly correlated with the 
computed gross erosion. 
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Price or cost of investments 
This demand curve shows the demand 
for investment to secure flood 
protection 
per unit protection 
X = units of flood 
protection provided per 
unit of time 
0 X 
Figure 6.4. Demand function for flood protection services (34, p. 15) 
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In developing sediment design criteria for erosion control, 
gully stabilization and flood prevention (in the loessial hills of 
western Iowa and northwestern Missouri), Gottschalk and Brune (29) 
studied 30 small reservoirs. Drainage areas ranged from 0.038 to 41.8 
square miles. Results of this study showed that the reservoirs were 
losing storage capacity at rates ranging from 1.2 to 33.9 percent 
annually. 
A storage capacity loss of 33.9 percent annually represents complete 
loss of usefulness in less than three years. Although it is known that 
sediment yields per square mile decrease as the size of the watershed 
increases, yet the total loss of storage capacity will continue to be 
within the above range. 
Leopold and Maddock said, "We do not know of any case where dredging 
to restore storage capacity of any reservoir had been done" (59, p. 33). 
If this is the case, then planning a reservoir that will lose useful 
capacity within less than its expected lifetime is not only a waste of 
public funds, but also a loss of reservoir sites which are a valuable 
natural resource. 
2) The cost of spillways which increase the actual cost of the 
reservoir by a great percentage. 
3) Flood control by means of reservoirs must flood certain lands 
to protect others. 
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Soil conservation practices 
These include such practices as vegetation cover, minimum tillage, 
strip cropping, and terracing. These soil conservation practices are 
capable of reducing soil erosion "Table 6.8", and also capable of 
reducing peak runoff. 

















1.79 36,000 24,300 18,600 15,500 57 
2.86 76,000 89,800 54,000 52,000 32 
3.48 96,000 84,000 80,000 71,000 26 
2.25 66,000 45,000 35,000 30,500 54 
E^xcerpts from a statement of soil conservation service at a meeting 
on Floyd River Watershed, Lemars, Iowa, September 29, 1954, by Frank H. 
Mendell, State Conservationist, Soil Conservation Service. 
Percentage of land under terraces. 
^Percentage reduction of peak flow when terraces cover 36 percent of 
the land. 
The reduction in peak flow indicated above is based on maintaining an 
effective terrace capacity of 1.5 inches of water storage and in infil­
tration capacity that brings this to 1.8 inches of water storage. If a 
higher percentage of terracing is constructed and maintained, the effect 
on flooding will be greater than those shown above. Similar studies were 
conducted by Spomer, et al., and others (82) where they conclude seven 
years of study on the economic efficiency of level terraces with 
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stabilized back slopes on loessial cropland, in the Missouri Valley. The 
authors conclude this point as follows: Water yield on terraced and un-
terraced watersheds were similar, but terraces greatly reduced runoff and 
increased base flow. On the average, the relationship between the peak 
runoff with and without terraces can be expressed as: 
~ .05Q 0 - peak run-off cfs from watershed without terraces 
and QT = peak runoff cfs from watershed with terraces. 
The effect of terraces to reduce design requirements for down­
stream installations has long been recognized. Soil conservation service 
hydrologie procedures recognize the effect of terraces in reducing both 
volume and peak rate of surface runoff. This provides a more economical 
design of waterways, dams, and other measures. Reductions in sediment 
Storage requirements for the design of reservoirs below terraced areas 
are also recognized. Current interest in protection and enhancement of 
the environment has called attention to other beneficial downstream effects 
of terraces. 
Terraces not only reduce erosion from slopes, but also trap a large 
percentage of the eroded soils on the field. At the Treynor, Iowa 
Agricultural Research Service Station, Piest and Spomer (68, pp. 850-853) 
found that the sediment from a level terraced watershed farmed to continu­
ous corn was less than one ton per acre, while a similar watershed 
contoured, but not terraced, lost approximately 30 tons per acre per year. 
Laflen, Johnson and Reeve (58, pp. 74-76) reporting on four locations in 
Iowa where sediment from tile outlet terraces is being measured, found 
that maximum loss for any station for any year was less than 750 pounds 
per acre, and less than 5 percent of soil erosion between terraces. 
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Saxton and others (75) compared the effects of different land 
managements on water yields and erosion. Under this study Saxton com­
pared the effects of contoured corn, pasture grass, level terraced corn, 
and level terraced mixed crops. Descriptions of the watersheds are 
presented in Table 6.14. 







1 74.5 Continuous corn Field contoured 
2 82.5 Continuous corn Field contoured 
3 107.0 Bromegrass Rotation grazed 
4 150.0 Continuous corn Level terraced 
5 389.0 Mixed'' Level terraced 
^Source: Saxton, Table one (75, p. 1836). 
Two-third row cropped corn and soybeans; one third small grain and 
pasture. 
The results of 6 years study are given in Table AID "Appendix A". 
Conclusions of the 6 year study period are as follows: 
1. Total water yields from the contoured-corn watersheds were 
nearly identical with those from the level-terraced com watershed; 
however, the water yields were 67% surface runoff from the contoured 
watershed, compared with only 11% from the level-terraced watershed. 
This change in flow path due to level terraces greatly reduced 
flood peaks and erosion. 
2. Compared with continuous corn, grass cover reduced total 
water yield 38%, mostly by reducing surface runoff. This was 
attributed to greater infiltration and ET of grass as compared with 
corn. 
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3. Water yields of these small watersheds compared closely 
with those from much larger watersheds (as large as 1,326 sq miles) 
when land-use and precipitation differences were considered. Thus, 
small watershed data can be useful for predicting water yields of 
larger, ungaged watersheds in this loessial region. 
4. Peak runoff rates from level-terraced and grass water­
sheds were less than 10% of those observed from the contoured-
corn watersheds. Several large events have been recorded with 
peak rates of as much as 5.84 in. per hr (3,769 cfs per sq mile) 
from the 74.5-acre contoured-com watershed. 
5. Sheet erosion from the contoured-corn watersheds was 
severe, averaging more than 30 tons per acre per yr for the 6-yr 
period. Nearly 100 tons per acre eroded during 1967, mostly 
during an unusually wet 30-day period. Sheet erosion from the 
level-terraced corn and pastured-grass watersheds averaged less 
than 1 ton per acre per yr. 
6. Gully erosion was significant in the channels of the 
contoured-corn watersheds, with average erosion equivalent to 
more than 5 tons per acre per year; but channels were nearly stable 
on the grass and level-terraced areas. 
The previous results support the contention that soil conservation 
practices reduce peak flow and soil erosion. 
Problems or disadvantages related to upstream system 
The main disadvantage does not grow from disability to control 
erosion and flood damage, but from farming difficulties. For example, 
contouring and terraces create problems of point rows cultivation which 
discourage farmers from accepting these practices. When the parallel 
terraces were introduced, this created problems of wet spots or excessive 
local erosion within the terraced area. Later on, cut and fill terraces 
were introduced to improve the farmability of the terraced land, but this 
was not accepted by farmers in those areas where the topography is un­
dulating or requires deep cuts and fills. 
112 
The latest improvement was to introduce tile outlets. Through this 
procedure, the alignment of the terraces could be shifted slightly up 
hill or down hill to provide parallel alignment. Thus, the outlets 
of the terraces were no longer tied to the elevation of waterways. 
Other problems are associated with the no-till approach, because 
the latter requires a high management level to keep weeds under control 
and although it reduces the cost of operation between 6 and 20 dollars 
per acre, poor management may decrease yields by more than this (71, p. 6). 
This, therefore, discourages farmers from adopting this approach on a large 
scale. These are problems that require more research in order to improve 
them and make them more acceptable by farmers. 
Parallel terraces spaced at intervals convenient and adaptable to 
the existing farm machinery with tile outlets and local cut and fill 
along the terraces, might be the answer to farmability problems. 
Leopold and Maddock (59, p. 82) had mentioned also that soil conserva­
tion practices are efficient in reducing erosion and peak runoff on local 
upstream land, then went on to say that the experimental data does not 
apply to great storms and to large areas, because great floods are almost 
invariably associated with long periods of rainfall during which soil 
becomes nearly saturated, and under these conditions the possibility of 
altering the infiltration rate or the retention of water in the soil 
minimized. Following the above statement by Leopold and the previous 
discussion it can be seen that the efficiency of soil conservation prac­
tices in controlling soil erosion and flood damage is widely accepted for 
local upstream lands, yet no clear line was drawn to establish the bound­
ary between local and non-local treatment. 
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In this study it is assumed that the Skunk River study region is a 
subdrainage area within the larger Mississippi River basin. The types of 
damage in the study region are mostly rural and local types of damages. 
Furthermore, the flood hydrograph (Figure 6.3c) indicates short duration 
period ranges between 12-24 hours. The only problem to be considered here 
is the lag between the time at which particular storms can start and the 
time needed to reach peak flow. Thus soil conservation practices that re­
duce water discharge from upstream land during this lag period may be 
effective in reducing peak flow and flood damage. 
For these reasons the study region is treated as a local subdrainage 
area where soil conservation practices are assumed to be efficient in con­
trolling soil erosion and flood damage. Thus it is possible to attribute 
the previous damage of $7.76/acre as benefits that can be obtained from 
investing in soil conservation practices. These benefits will be the co­
efficients to be utilized in the model against the costs of terraces and 
contouring construction that will be discussed in the following section. 
Costs of terraces 
To secure benefits from soil conservation practices, investment in 
land to construct terraces or other soil conservation practices must be 
considered. This section is devoted to estimate cost of terraces per acre. 
Studies on the different projects in north central Iowa on the cost 
of modifying topography with grassed back slope terraces and underground 
outlets showed a wide range of costs, from $38 to $141/acre; depending on 
different soil types. Costs of terraces on two soil types that do exist 
in the basin are given in Table 6.15. 
TABLE 6.15. Terrace costs/acre for two types of soils in the study area * 
Slope Acres Cost/ft Cost/acre % of soil 
Soil type % Terraced Terraces Terraces Outlet Total type in the 
Ç $ $ $ study area 
Webster-Clarion 3-10 23 18.3 32 24 56 20 
Tama 3-6 48 24 37 39 76 40 
Tama 2-15 12 20 46 26 72 40 
S^ource: Information was obtained from Professor H, P. Johnson, Iowa State University. 
'^ This cost is based on 1967 price index. 
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The weighted cost of terraces over the whole study area was found 
by multiplying the cost per acre for each soil type by the percentage of 
soil which was expected to have the same cost/acre. From this the cost 
per acre was found to be = 56(.20) + 76(.40) + 72(.40) = 11.2 + 30.4 + 
28.8 = $70.4. Since the price index in 1970 = 108 percent of 1967 price 
index, then the cost of.terraces in 1970 prices = 70.4 x 1.08 = $75. 
Estimation of the annual cost per acre on the investment and main­
tenance of terraces can be found by either one of the following two 
approaches : 
1) The first approach is to discount the investment at the desired 
rate of interest over the lifetime of terraces. This gives the future 
value of present investment. By dividing these costs over the expected 
efficient lifetime of terraces, the annual initial costs per acre can 
be estimated; adding to this the maintenance cost per year, an estimation 
of total annual costs per acre can be found. 
2) The second approach assumes the lifetime of terraces to be 
unlimited as long as good management can maintain terraces in good condi­
tion to perform efficiently. Under this assumption the cost/year will be 
only the cost of interest rate to be paid on the investment plus the 
annual maintenance costs. 
In order to make an accurate estimation by either one of the above 
approaches, the desired discount rate on this investment must be deter­
mined. Before discussing how this discount rate can be evaluated, the 
meaning of interest rate and discount rate must be explained. 
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Discount rate vs. interest rate While the interest rate may 
be defined as an expression of time value of capital, Douglas and Lee (53, 
pp. 118, 136) concluded that interest rate is the fee one producer pays 
to use the capital of another. This interest rate is determined by the 
capital market. An enterprise seeking to improve its own welfare will 
be interested in investing in projects having a rate of return exceeding 
its borrowing rate. On the other hand, a discount rate is the expression 
of time value of capital used in equivalence calculations comparing 
alternatives. The rate is essentially a value judgment based on a 
compromise between present consumption and capital formation from the 
viewpoint of the decision maker. The ideal discount rate would achieve 
a rate of capital formation maximizing total social welfare (53, p. 120). 
Many viewpoints have been expressed on what is the best discount 
rate from the public point of view. Some advocate public planning based 
on a zero discount rate because interest is not directly charged on tax 
dollars. Some advocate discounting with the interest rate paid to 
borrow funds for project financing. 
A number of methods for picking a discount rate for use in planning 
by a public agency have been suggested, and the resulting values vary over 
a wide range. For example, L. Grant Eugene (20)^  states a common discount 
rate used by public utilities to be 7.0 percent after income tax, Hirsh-
leifer, et aL (36, pp. 121-123) has estimated the marginal internal rate of 
is statement was quoted by Douglas and Lee (53). 
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productivity in private companies engaged in water resource type of 
activity to be about 5.0 percent. He rounds this upward to 10.0 percent 
to account for tax free public investment and other taxes. 
John V. Krutilla and Otto Eckstein (57, pp. 78-130) suggested a 
discount rate equal to the interest paid on borrowed funds for govern­
ments using bond financing.^ A final method was suggested by Otto 
Eckstein (19, p. 503) to pick a social discount rate on the grounds 
that the capital market is too badly distorted to have any normative 
2 
significance. 
In this study the discount rate was considered as 3.0 percent and 
made up of two components; a) 2.75 percent represents the average change 
in price index for all commodities during the period 1960-1970. The 
purpose of this rate is to assure that the real value of the investment 
M 
will not diminish over time. In other words, ^ = constant where M is 
the level of investment in current dollars and Pi is the price index at 
the time of investment. 
The reasoning behind this low level of interest rate is to emphasize 
that investment in soil conservation will benefit the present and future 
generation equally. If the society invests in those activities (which 
will secure for future generations continued enjoyment from the use of 
T^he Water Resource Council in its recent news release dated 
August 3, 1973, established a planning discount rate to reflect the rela­
tive value of beneficial and adverse effects occurring in the future as 
compared with the present. (This rate is consistent with the cost of 
government borrowing concept which is based on the assumption that the 
government's investment decisions are related to the cost of money to the 
government. The rate has been established at 6 7/8 percent and will change 
up and down as appropriate, not more than 1/2 of 1 percent per year). 
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This assumes the capital market to be imperfect. 
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these resources) it should not plan on making profit on these investments, 
b) 0.25 percent interest rate is allowed to cover costs of handling loans 
related to these investments. 
Discounting the cost of terraces at 3 percent and for a lifetime 
equal to 25 years the cost of terraces by year = $4.34.^  
Adding annual maintenance cost = $1.00. 
Total cost/acre/year = $5.34. 
Thus the cost estimated by the first method is shown to be $5.34. 
If we consider that the initial investment does not need to be recovered, 
then the cost of this investment would be the amount of interest paid 
yearly plus maintenance costs. Under this assumption the costs -
Interest on investment = 2.28 
Maintenance = 1.2 1.22 
Total yearly cost = $3.5 3.5 
Since there are more benefits from soil conservation, such as the 
intangible ones which cannot be estimated accurately while the cost of 
constructing terraces can be estimated rather closely, it was decided to 
use the second approach to estimate the costs of terracing per acre/ 
year. 
The costs of terraces and benefits derived from terraces will be 
utilized in the study as follows: 
1) Production on soils that need conservation treatment produce 
undesirable products along with the normal output. These undesirable 
products can be in the form of water pollution, reduction in soil 
T^he value of $4.34 was found by assuming that payment to recover the 
investment will start from the first year. 
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productivity and flood damage. This type of activity causes a social 
cost which will be considered in the model as an additional cost of 
production, and activities that cannot pay this cost should go out of 
production. 
2) Soil conservation activities produce on site and off site bene­
fits because they reduce the above damage, thus they produce social 
benefits from which the producer will not obtain the full return for his 
investment, therefore, he would not have the incentive to invest in soil 
conservation practices unless the society contributes its share in the 
investment costs. 
To explore the possibilities of how much society should invest in 
establishing soil conservation practices, the model will include three 
additional possibilities, as follows: 
a) Society shares equal to 50 percent of the cost. 
b) Society shares equal to 75 percent of the cost. 
c) Society shares equal to 100 percent of the cost. 
The share at which society obtains the optimal mix, in terms of 
maximizing aggregate income, will be the recommended one for the study 
area. 
Costs and benefits of the drainage system 
Farmers, agronomists, economists and agricultural engineers, are 
concerned with the cost of damages caused by excess water and untimely 
field operation. 
In this study the effect of excess water on crop yield will be dis­
cussed first, and after that, the effect of tile drainage on the timeliness 
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of farm operation. The sum of the above two components will be con­
sidered equivalent to the benefits of the drainage system in each area. 
To secure these benefits investment must be made to construct the 
drainage system, where the yearly cost of this investment is discounted 
at a 3 percent rate of interest (for reasons discussed before). The 
maintenance of the system will be the yearly cost of this investment. 
The benefits of the drainage system 
Benefits from increasing yield Lacking detailed knowl­
edge of the extent of drainage needs, a crude estimate of potential bene­
fits is all that is possible. This estimate will suffice to illustrate 
the role that drainage can play in this optimization study of net 
regional income. The Iowa Conservation Needs Inventory (45) estimate 
that there are 297,500 acres that need drainage, from which 283,000 acres 
are in the economic farms (Table A7). Assuming a 60 percent yield re­
duction as an average for the entire area the weighted benefits were 
estimated by the same method used to estimate the decline in productivity, 
and found to be $46.70 per acre. 
To secure these benefits, investment to construct and maintain an 
efficient drainage system is needed. The cost at 1970 prices was esti­
mated to be $125 per acre for 100 ft spacing. Lifetime for this system 
was assumed to be 50 years and interest rate on investment was assumed at 
3 and 8 percent per year. Discounting the initial investment at the above 
two levels of interest rate and adding to it two dollars per acre for 
maintenance, the annual drainage cost on 40 acres unit will be as given 
in Table 6.16. 
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Benefits of avoiding the impact of poor drainage on the 
timeliness of farm operation Van Schilf Guarde (30) concludes that 
research to measure benefits derived from the drainage system is concerned 
with the evaluation of the effect of poor drainage on the timeliness of 
time operation. 
Despite wet spots in a field, crops and weeds will grow relatively 
evenly throughout the field. When most of the field is ready for opera­
tions such as plowing, planting, weed control, and harvesting, small wet 
spots can frequently prevent the farmer from performing these activities 
at the right time. This loss of efficiency, in tems of reduced and 
additional costs from rate operation, is called the cost of timeliness of 
farm operations. Generally the possibility of untimely operation of 
machinery is held to be a factor which either increases the annual cost 
of the machines or decreases the income obtained from their use. 
Aldabagh (1) found that an average increase of 16 working days is 
made during the critical period for farm operations, because tile spacing 
was decreased from 320 ft to 80 ft. Also he found that the added economic 
benefits of tile drainage from improved soil trafficability for planting 
operations is about $11 per acre, for poorly drained soils in Central 
Iowa. This includes the northern portion of the basin (Hamilton and 
Story counties) with the most serious drainage problems. Furthermore, he 
had estimated the cost of farm operation with poor drainage to be 10 per­
cent higher than costs under normal conditions. 
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Current and future costs for investment in soil conservation and drainage 
This section brings together the costs of soil conservation and 
drainage under alternative interest rates (as was specified in the assump­
tions of the model in Chapter V), over the study period 1970-1985. Table 
6.16 summarizes the cost of flood damages for the entire basin and also 
per acre. Also it gives the total initial costs of constructing terraces 
per acre, and finally the yearly costs of investment in terraces and 
drainage under the assumed two rates of interest. 
TABLE 6.16. Construction costs of flood damages and terraces for the 
periods 1970, 1975, 1980 and 1985, allowed to increase by 
3 percent per year ^ 
Items 1970 1975 1980 1985 
Total damages $(000) 3818, 4324 4972 5718 
Flood damages/acre $ 7. 75 8. ,91 10. ,25 11. 79 
Cost of one acre terraces $ 76 87. ,4 100. 5 115. 6 
Yearly cost of terraces at 3% 
plus $1.32 for maintenance $ 3. 5 4. 00 4. 6 5. 3 
Yearly cost of terraces at 8% 7. 4 8. 5 9. 7 11. 1 
Cost of drainage construction by 
fanner on 40 acres 3% disc. 500 576 650 724 
Cost of drainage 8% disc. 522. 7 622 681 782 
This table is based on Tables 6.4, 6.5 and 6.15. 
Summary 
The previous chapter discussed the model to be applied for the study 
area. This chapter was concerned with an estimation of the benefits and 
costs of investment in soil conservation and drainage. The coefficients 
obtained in this chapter and other coefficients to be developed in 
123 
Chapter VII, related to the demand of various economic activities on 
inputs or various resources available in the region. These will be 
utilized in the model to obtain the optimal mix of activity that maximize 
aggregate income and maintain the environmental quality as specified by 
society. 
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CHAPTER VII, ECONOMIC ACTIVITIES AND COEFFICIENTS 
The economic activities within the region take place in the pro­
duction section, namely in agricultural and manufacturing sectors.^  This 
chapter as was the previous one, is concerned also with production 
coefficients. However, the purpose of this chapter is to identify the 
cost of inputs and value of outputs that can be determined through market 
mechanisms. Since the program involves all the production section of 
the economy, it becomes necessary to identify the economic activities in 
the agricultural and manufacturing sectors. The procedure will be as 
follows. 
Activities in the agricultural sector 
The activities in the agricultural sector include two sections: 
1) crop production, corn, grain, or silage, oats, soybeans, hay and 
pasture; 2) livestock and poultry, dairy or beef cows, marketed hogs, 
commercial laying flocks, etc. The description of the various economic 
activities in the agricultural sector are given in Tables B1 and B2 
Appendix B. The derivation of the coefficients of production in the 
agricultural sectors will be as follows. 
Crop yields Table 7.1 gives the average yields for the three 
2 
main crops in the basin, over the period 1957-1970. Table 7.1 shows 
that com yields increased by 4.7 percent per year, oats and soybeans 
both increased yields by 1.4 percent over the same period. 
^his is because the study is concerned only with the supply side 
as explained in Chapter II. 
2 
Iowa Annual Farm Census Bulletin No. 92 for the years 1957-1970, 
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Professor Shrader (78a) expressed the view that this trend cannot 
continue indefinitely. He based his conclusion on the fact that average 
yields obtained under a high level of management for long-term experi­
ments, at seven sites throughout the state, have fluctuated from one 
year to another because of weather, but do not show any upward trend 
over the past fifteen years. For example, they have averaged 120 bushels 
of corn per acre. The observed increase in state yield averages shown 
in Table 7.1 has resulted largely from a constantly increasing degree of 
adoption by farmers of techniques that were already known by professional 
agronomists in 1960. 
TABLE 7.1. Crop yields per acre for the period 1957-1971: Iowa State 
averages ^ 
Corn Soybeans Oats 
Year bushels bushels bushels 
1957 62 27 42 
1958 66 25 45 
1959 64 26 43 
1960 63 26 42 
1961 75 29 43 
1962 77 27 43 
1963 81 30 45 
1964 79 29 48 
1965 82 26 52 
1966 89 29 53 
1967 89 29 54 
1968 92 32 59 
1969 98 32 51 
1970 86 33 51 
1971 . 100 
S^ource: Iowa Annual Farm Census (45a). 
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H. Madsen (60) projected the average yields for the study area by 
the year 2000 to be at the levels given in Table 7.2. Based on 
H. Madsen's projection and Professor Shrader's (78a) evaluation of the trend 
for Iowa State averages. Table 7.3 was constructed showing that average 
yields will continue to increase at a decreasing rate and the maximum 
will be achieved by the year 1980. Beyond that year the yields for most 
of the crops are expected to follow a very low rate of increase. 
TABLE 7.2. Projected average yields for selected crops by the year 2000 
Crop Unit Yield 
Corn grain bu/acre 132.0 
Corn silage ton/acre 17.0 
Oats bu/acre 85.0 
Soybeans bu/acre 44.0 
Hay ton/acre 2.8 
Cropland and improved 
pasture ton/acre 1.9 
Other pastures ton/acre .4 
TABLE 7.3. Expected average yields for selected crops over the period 
1970-1985 
Years 
Crop 1970 1975 1980 1985 
Corn grain (bushel) 95.0 106.0 130.0 132.0 
Corn silage (tons) 17.0 17.0 17.0 17.0 
Oats (bushel) 65.0 75.0 78.0 80.0 
Soybeans (bushel) 33.0 36.0 39.0 42.0 
Mixed tame hay (tons) 2.2 2.4 2.6 2.8 
Alfalfa hay (tons) 3.2 3.2 3.2 3.2 
Improved pasture (tons) 1.9 1.9 1.9 1.9 
Unimproved pasture (tons) .4 .4 .4 .4 
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Crop demand for inputs 
Demand for labor, by various crops The demand of corn for labor 
over the last decade indicated a continuous decline over time and it is 
expected to reach a minimum of 1.5 hours by the year 1985 compared to 
4.0 hours during 1970 (38). Labor requirements per acre of corn silage 
will follow the same trend as com but the level of required labor will 
be at twice the corn grain requirement. Also oats requirements will 
follow the same trend as the above two and it is expected that the labor 
requirement will decline from 4.5 hours/acre in 1970 to 2.5 hours/acre 
in 1985. Finally, soybeans requirements for labor are expected to de­
cline by 50 percent of the 1970 level. Table 7.4 gives the labor require­
ment for the major crops in the study area. 
Capital requirements Tables 4-3 and 4.4 summarized the level of 
the existing capital on farms by counties. This capital represents the 
starting level at 1970. This level can be increased when the activity 
shows profitability. The capital requirement per unit activity is 
allowed to increase by one percent per year to cover the extra cost of 
purchasing new types of machinery and equipment on the farm. There are 
two types of costs associated with this input and they are operation cost 
and depreciation cost per unit of activity. The operation costs were 
estimated on the basis of their trend as given by Howell and Everett (38) 
while depreciation was estimated by the following procedure. 
Jacobs (52, p. 186) found that depreciation cost, interest and in­
surance for tractors and equipment are 14.875-16.875 percent respectively 
and by assuming that the equipment value is equal to that of the tractors. 
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TABLE 7.4. Inputs requirements for selected crops over the years 
1970-1985 
Crop Corn grain Oat Soybeans 
year's 
input 1970 1975 1980 1985 1970 1975 1980 1985 1970 1975 1980 1985 
Labor 
hrs/acre 5.0 3.5 2.0 1.5 4.5 3.5 3.0 2.5 4.0 3.0 2.5 2.0 
Total cost $ 49.5 57.6 68.7 82.0 26.0 28.2 32.9 42.3 29.5 34.8 40.6 52.2 
Machinery and 
power 27.0 32.0 38.0 44.0 20.6 21.6 25.2 32.4 18.0 21.6 25.2 32.4 
Seed and 
fertilizer 22.5 25.6 30.7 38.0 6.0 6.6 7.7 9.9 11.5 13.2 15.4 19.8 
Corn silage Hay Pasture 
Labor 
hrs/acre 10.0 7.0 4.0 3.0 5.0 5.0 5.0 5.0 1.0 1.0 1.0 1.0 
Total cost $ 50.5 55.5 61.0 67.0 37.0 38.0 39.0 40.0 9.0 9.5 10.0 10.5 
Machinery and 
power 27.0 31.0 34.0 37.0 30.0 30.8 31.7 32.5 3.5 4.0 4.3 4.5 
Seed and 
fertilizer 22.5 24.5 27.0 30.0 7.0 7.2 7.3 7.5 5.5 5.5 5.8 6.0 
then the average cost will be about 15.875 percent. However, since we 
are interested in estimating the depreciation rate, the above rate can be 
reduced by about 7.5 percent to allow for these other costs.^  By doing 
this, the actual depreciation rate will be 8.4 percent, since capital in 
the basin involves 30 million dollars housing facilities for which the 
rate of depreciation is assumed to be 4.0 percent per year. The average 
rate of depreciation in the basin will be equal to: 
I^nformation obtained from Ronald Winterboer, Extension Service, 
Iowa State University, June, 1973. 
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30(.04)^^^180(.084) 100 = 7.77 parcent/year 
This depreciation will become part of the variable costs to be paid by 
the economic activities. 
During the last fifteen years, the cost of operating machinery and 
depreciation costs increased by 4 percent/year. By assuming that this 
rate will continue over the study period (1970-1985), the depreciation 
cost and capital requirements per unit of activity was estimated at each 
point of time through the study period. 
Seeds, fertilizers, herbicides and insecticides Since 1965 the 
cost of the above rose sharply at a rate of 40 percent/year between 1964-
1968, but the rate declined to 4 percent/year over the period 1968-1970. 
It is expected that the latter rate will continue over the period 1970-
1985, because the use of fertilizers and insecticides reached its 
maximum during the period 1964-1968. According to Dr. Shrader, intro­
duction of new varieties is not expected to have an effect during the 
study period. Thus the cost of seed production is expected to be stable, 
but may increase along with fertilizers and insecticide because of the 
general rise of average prices and labor wages in the economy. For this 
reason the cost is assumed to increase at a rate of 4 percent per year. 
Table 7.4 summarizes input requirements for selected crops. 
Average prices of selected commodities for the area under considera­
tion were projected by H. Madsen (60) under six policy models. Out of 
the six policy models analyzed by H. Madsen, three models. A, B, and C, 
will be considered under this study and will be summarized below. 
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Model Free market, 300 million population, present water 
prices and trend technology in 2000. Under these conditions, domestic 
demand for 300 million people and exports at the 1967-1969 levels. 
Model Free market, 280 million population present water prices 
and trend technology in 2000. It is the same as Model A, except a lower 
population is used. 
1 2 
Model C 45 million acre annual land retirement program, 280 
million population, present water prices and trend technology in 2000. 
The summary of average farm prices of selected commodities related 
to the study area as predicted by various models for the year 2000, are 
given in Table 7.5. 
Based on the prices given by Table 7.5 and by assuming linearity, 
the average prices received or expected by farmers for selected crops 
and livestock under the alternative models are summarized in Table 7.6. 
By comparing the prices predicted using the three models and con­
sulting the price trend in the state of Iowa over the period 1930-1970, 
it was found that prices predicted by Model C are closer to the expected 
prices in the study region, because Model C is the only one that shows a 
price increase while the other two models show price decreases. These 
Free market here implies absence of government control programs. 
While trend technology means that the past rate of change in a parameter 
is assumed to continue in the future. 
2 
This assumed that 45.0 million acres are retired in the year 2000 
on a partial farm basis with most acres of the nation sharing in supply 
control. This policy model forces some land retirement in all regions 
of the nation, but aside from this restraint, crop production can be 
allocated interregionally on a comparative advantage basis. 
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TABLE 7.5. Average farm prices of selected commodities for area 102^  
under three alternative future models 
Models 
Commodity Unit ABC 
Com $/bushel 1.01 .83 1.26 
Silage $/ton 6.09 5.59 9.49 
Oats $/bushel 0.83 0.68 1.04 
Soybeans $/bushel 2.12 1.64 2.81 
Hay $/ton 26.80 22.25 41.94 
Cattle and calves cents/lb 33.90 29.93 46.62 
Hogs cents/lb 15.26 13.45 17.92 
Milk $/cwt 3.42 3.22 3.77 
24.5 cents/lb of lamb 
15.0 cents/lb for broiler 
35.0 cents/dozen for eggs 
These are assumed to be in 2000 under all the models. Madsen 
(42, p. 274). 
^Area 102 in H. Madsen studies included the River Basin study region. 
S^ource: Information was obtained from H. Madsen, personal communi­
cation. 
decreases do not reflect the general price trend in the study region. 
However, the prices for livestock and livestock products by this model 
were projected to decline over time as shown in Table 7.6 while the actual 
price trend does not support this projection. This underestimation of 
prices originated from the work of Eyvindson (21, p. 530).^ Eyvindson 
had pointed out that his model does underestimate hog production costs, 
which were considered to be equal to the prices under perfect competitive 
economy. 
^H. Madsen projections were based on Eyvindson findings. 
132 
For this reason, the livestock and livestock prices were adjusted 
according to the historical price trend over the period 1930-1970. The 
final prices after these adjustments were made are given in Table 7.7. 
Livestock^  Feed requirements are expected to increase slightly 
over time because of expected higher levels of production which require 
more energy. Labor requirements will decrease over the study period 
because of the trend to substitute capital for labor. These expected 
changes were taken into account when the coefficients of production were 
estimated. 
Manufacturing activities 
The definition of manufacturing industries is based on the standard 
industrial classification manual given in the census of manufacturers (95) 
for the first two digits of the manufacturing industries that do exist 
in the basin. Description of the industrial activities and the notation 
relevant to the years 1970, 1980 and 1985 is given in Table B3 Appendix B. 
The unit activity is expressed in terms of $1000.0 value added created 
in each industry, and reflects the demand of this unit on various inputs 
of production. Since the objective function developed in Chapter V in­
cludes only the net return of this unit of activity, the costs that are 
not accounted for in the model will be subtracted from the level of one 
unit value added. These costs are depreciation costs and extra labor 
costs that will be developed later in this chapter. 
I^nformation was obtained from Professor A. R. Porter and Professor 
W. G. Zmolek, personal communication, April, 1973. 
TABLE 7.6, Average prices received or expected by farmers for selected product * 
Alternative models 
A B C  
Commodity Unit 1970 1975 1980 1985 1970 1975 1980 1985 1970 1975 1980 1985 
Corn $/bu 1.10 1.09 1.08 1.06 1.10 1.05 1.00 .95 1.10 1.12 1.15 1,18 
Oat $/bu .65 .68 .71 .74 .65 .65 . 66 .67 .65 .70 .76 .83 
Soybeans $/bu 2.5 2.4 2.35 2.28 2.5 2.35 2.20 2.05 2.5 2.55 2.60 2.65 
Hay $/ton 20.0 21.0 22.5 24.2 20.0 20.4 20.9 
CM 
20.0 23.5 27.0 30.5 
Silage $/ton 9.5 9.0 8.5 7.9 9.5 8.7 7.9 7.4 9.5 9.5 9.5 9.5 
Cattle and 
calves C/lb 26.0 27.6 29.0 30.2 26.0 26.6 27.3 27.7 26.0 29.5 33.0 36.3 
Hogs C/lb 20.2 19.0 18.0 17.2 20.2 19.7 19.2 18.8 20.2 19.8 19.4 19.1 
Milk $/cwt 5.0 4.75 4.5 4.24 5.0 4.9 4.8 4.7 5.0 4.8 4.6 4.4 
Lambs f/lb 22.0 21.0 20.0 18.75 22.0 21.0 20.0 18.8 22.0 21.0 20.0 18.8 
Eggs ç/doz 27.0 28.5 29.7 30.8 27.0 28.2 29.5 30.9 27.0 28.2 29.5 30.8 
Turkey O/lb 21.5 21.5 21.5 21.0 21.5 20.5 20.4 20.3 21.5 20.8 21.0 21.5 
Hens and 
chickens C/lb 22.5 22.5 22.5 22.5 22.5 22.5 22.5 22.5 22.5 22.5 22.5 22.5 
S^ource: Table 7.5 and assuming linearity with respect to price change over time. 
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TABLE 7.7. Average prices received or expected by farmers for selected 
products. Model C adjusted 
Commodity 
Model C adjusted by years 










































































Coefficients in the industrial sector 
Derivation of the coefficients in the manufacturing sector is more 
difficult and more complicated than the previous sector. The products 
in the manufacturing sector are too diverse and produced at commercial 
scale by various sizes of firms, which vary from one location to another. 
Thus to derive the coefficients in this sector it was necessary to 
determine the number of establishments "defined on the next page" in 
each major industry group, their distribution according to scale, average 
and total employment and average and total value added generated. From 
this the labor requirement per $1000J3 value added and the extra labor cost 
associated with this unit will be estimated. Furthermore, total existing 
investment in each major group must be found and the level of capital 
needed per $1000.0 value added has to be determined. Finally, water intake 
and discharge per unit of activity has to be estimated in order to be 
able to evaluate the impact of a particular industry on water quality 
within the basin. 
The procedure to determine the above coefficients will be discussed 
as follows. 
First, the term "establishment" will be defined and the distribution 
of industries by establishment sites will be found for the years 1970, 
1975, 1980, and 1985. Second, average employment and value added for 
each establishment at the given years was found and from this the labor 
requirement per $1000.0 value added was estimated for each industry at 
any particular year. Third, wages and extra labor costs were estimated 
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for each industry. Finally, depreciation, capital requirements, water 
intake and discharge per $1000.0 value added were estimated for the 
years 1970, 1975, 1980, and 1985. 
Establishment The annual survey of manufactures (95, p. 1) 
defined the term "establishment" to denote a single plant or factory in 
which manufacturing operations are performed. Distribution of establish­
ments within the study area for the year 1970 is given in Table 7.8.^ 
The table shows that 69 percent of the establishments belong to scale A 
with an employment range of 1-20 workers. Since we are interested in 
the distribution of establishments at the present and in the future, 
then it is important for the study to predict this future distribution. 
Due to data limitations, however, only an estimation of the future 
distribution can be obtained through observation of how the various 
establishment scales behaved in the nation during the period 1954-1967 
and by assuming that the existing establishments in various industries 
2 in the basin will follow this pattern. Table B4 "Appendix B" shows 
the expected distribution of establishments in the study area over the 
period 1970-1985 at five year intervals. 
Average employment, "number of workers in each establishment" and 
average value added for each scale in any particular major industry group 
was assumed to be equal to the nation's average and to follow the same 
T^he data was obtained from U.S. Census of Manufacturers (95, 96, 
97, 98). 
2 
Wherever the general trend for any particular scale of a given 
major industry group is declining, and the existing number of establish­
ments is only one, it was assumed in this study that this minimum of one 
establishment will continue to exist over the study period. 
TABLE 7.8. Distribution of industries within the basin by scale^ - 1970 ^  
Total 
establish-
Name of industry SIC A B C D E F G ments 
Food and kindred products 20 68 17 9 3 - - - 97 
Apparel and related products 23 - 4 3 2 2 - - 11 
Lumber and related products 24 19 - - 1 - - - 20 
Furniture and fixtures 25 12 - 3 1 - - - 16 
Pulp paper and products 26 - 1 - - -
- - 1 
Printing and publishing 27 82 21 3 1 1 - - 108 
Chemical and products 28 44 2 - 1 - - - 47 
Leather and leather goods 31 4 1 - 1 - - - 6 
Stone, clay and glass products 32 45 4 - 1 - - - 50 
Primary metal industry 33 9 3 5 5 3 - - 25 
Fabricated metal products 34 34 5 2 11 - - 3 55 
Machinery, except electrical 35 48 8 8 5 4 - - 73 
Electrical machinery 36 2 2 - 7 1 - ' 2 14 
Transportation equipment 37 13 5 1 5 - - - 24 
Instrument and related products 38 4 - - 1 - 2 1 8 
Miscellaneous manufacturers 39 28 3 3 1 1 - - 36 
Total 412 76 37 46 12 22 6 591 
69% of the establishments within the basin below 20 workers scale. 
*Scale refers to employment level in each establishment, and the ranges for scales are A = 1-19, 
B = 20-49, C = 50-99, D = 100-249, E = 250-499, F = 500-999, G = 1000 and more. 
^Source: Directory of Iowa Manufacturers 1969-1970. 
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pattern experienced during the period 1954-1967, over the study period 
1970-1985^  after adjusting the level of employment and value added for 
the scales F and G. From these averages total employment and total value 
added for each major group industry was found (Table B5 "Appendix B") and 
Table 7.9. 
TABLE 7.9. Total value added by industry.$(000) 
Industry 1970 1975 1980 1985 
20 24,638.2 28,646.2 33,166.1 36,166.0 
23 9,613.8 10,193.0 13,443.0 14,001.0 
24 2,150.0 2,295.0 2,418.0 2,615.0 
25 4,429.0 4,761.0 5,042.0 5,280.0 
26 399.0 456.0 513.0 569.0 
27 22,892.4 25,939.0 30,142.8 33,287.0 
28 12,364.0 13,334.0 13,709.0 12,968.0 
31 1,839.0 2,110.0 2,283.0 2,607.0 
32 8,299.0 10,468.0 16,137.0 23,240.0 
33 34,707.0 43,633.0 48,369.0 57,294.0 
34 90,250.0 100,308.0 109,650.0 124,648.9 
35 46,178.0 52,069.0 65,015.0 77,096.0 
36 79,955.0 121,601.0 134,524.0 140,701.0 
37 13,016.8 14,614.0 20,164.0 22,276.0 
38 43,181.8 49,054.0 53,136.0 58,318.0 
39 10,807.5 12,283.0 17,501.0 19,046.0 
1 The total employment and value added for each industry in Iowa was 
found from Annual Survey of manufacturers "Statistics for Division and 
States part 4 (102), then average employment or value added was multiplied 
by the number of establishments in each particular industry, and the total 
for scales A-E was subtracted from the totals obtained for Iowa and the 
residual was allocated between the two scales provided that they do not 
fall below the minimum for that scale. 
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Based on total employment Table B5 and total value added Table 7.9 
the labor requirements (in man year units) per $1000.0 value added was 
estimated in Table 7.10. This table also gives the labor requirements per 
unit activity based on the nation's averages for the years 1970, 1975, 
1980 and 1985. 
Wages and extra labor costs The average wages per hour for each 
major industry group over the period 1950-1970 was obtained.^ The pro­
cedure to calculate the expected wage-rate per man year over the study 
period involves the following steps: a) The average wage-rate per hour 
was found by finding the average over the years of observation (1950-
1970). This can be found by finding the total wage rate over the 
2 historical period and dividing by 21; b) The average wage rate per hour 
for the years 1968, 1969 and 1970 was found and the ratio of this average 
to that obtained under the previous step was taken as the adjustment 
coefficient for the upward or downward trend, c) Add to the total wage 
rate obtained by step a the difference between the wage rate for 1950 
and that obtained under step a above. Take the average for the new total 
which will be the unadjusted average wage rate for the year 1971. 
d) Repeat this procedure to obtain the average for the years 1972, 1973, 
..., 1985. e) Multiply the wage rate obtained under the previous step 
by the adjustment coefficient to find the expected wage rate for the 
years 1975, 1980 and 1985. Table 7.11 summarizes the expected wage rate 
^The average wages over the 1950-1970 period for each major group 
industry was obtained from Iowa State Employment Security Commission and 
the U.S. Department of labor and also from Iowa employment and earnings 
and labor market information. 
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TABLE 7.11. Labor earning per hour and by year for each industry by the 
years 1970, 1975, 1980 and 1985 * 


























20 3.43 7860 4.32 8640 4.67 9340 4.90 9800 
23 3.23 4460 2.36 4720 2.49 4980 2.55 5100 
24 3.16 6320 3.31 6620 3.50 7000 3.58 7160 
25 3.25 6500 3.40 6800 3.60 7200 3.68 7360 
26 4.07 8140 4.31 8620 4.52 9040 4.12 9240 
27 4.20 8400 4.45 8900 4.66 9320 4.77 9540 
28 3.79 7580 4.10 8200 4.29 8580 4.37 8740 
31 3.33 6660 3.64 7280 3.85 7700 3.92 7840 
32 3.62 7240 3.86 7780 4.08 8160 4.16 8320 
33 3.85 7700 4.06 8120 4.28 8560 4.33 8660 
34 3.42 6840 3.68 7360 3.83 7800 3.90 8140 
35 4.12 8240 4.50 9000 4.80 9600 4.99 9980 
36 3.35 6700 3.60 7200 3.79 7580 3.86 7720 
37 3.27 6540 3.56 7120 3.65 7300 3.74 7480 
38 3.67 7340 4.03 8060 4.24 8240 4.30 8600 
39 3.79 7580 4.16 8320 4.38 8760 4.46 8920 
^Source: See footnote 1, p. 139. 
' T^his assumes 2000 hours work per year. 
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per hour during the study period; g) Assume that the average hours 
of work per year is 2000 hours, then the wage rate per year = 2000 x Wi 
= $, where Wi is the wage rate found through the above procedure. Table 
7.11 shows also the wage rate per man year expected for the various group 
industries during the coming fifteen years. 
Extra labor cost The payment of the firms for social programs 
are other costs that should be taken into account when the firms consider 
hiring an additional worker. These extra costs are increasing from one 
period to another and in some industries may reach up to 22 percent over 
the payroll.^  The rate of increase in extra costs was calculated under 
two assumptions: 1) Assume that average extra cost will be the same rate 
given by the rate of increase 1969-1970; 2) Assume that average extra 
cost will be 1.2 percent of that given for the 1969-1970 period. Table 
B7 shows the expected extra labor cost and total cost under each assump­
tion for any particular year and given industry group. 
Depreciation per $1000.0 value added and the level of assets 
Assumption Assume that the relation of value added produced by 
industries to the rate of depreciation and book value assets over the 
period 1965-1970 will continue to hold for the period 1970-1985, 
By the above assumption, depreciation per $1000,0 value added "ADJV" 
is equal to total depreciation in industry j "TDJ" during the period 1965-
1970 over the total value added by industry j during that period "TVJ". 
n 
Total depreciation = Z = TDj 
i=l 
^Information obtained from Dr. H. W. Davey, personal communication. 
May, 1973. 
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where i = 1 represents year 1964 and 
i = n represents year 1970 
= book value of depreciable asset, at December 31, 1964^ 
Kn = book value of depreciable asset at December 31, 1970^ 
= capital expenditures for the given year depending on the 
value of i 
j = industries 20 through 39 as given by SIC code. 
Total value added 
n 
TVJ = S VJ 
i=l ^ 
where VJ = value added by industry j in the year i. 
Thus average depreciation per $1000.0 value added in industry j is 
given by 
' (ïë) 1000 . 
The level of investment of capital assets needed per $1000.0 value 
added is "K jv". Utilizing the above assumptions, we see that the 
accumulated capital (column four. Table B8) was needed to produce the level 
of value added in column seven of the same table. 
Then the level of capital assets needed per $1000.0 value added can be 
found from the following equation: 
Kjv = S I C + 1000. 
i=l! ^ 
\TVj / 
Table B8 also gives the TVJ depreciation and capital assets needed 
per $1000.0 value added for the major group industries that do exist in 
the basin. 
S^ource of data is annual survey of manufacturers 1964, 1970 (100, 101). 
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Demand for water 
Water intake The amounts of water required by industries differ 
greatly. Some use very little except for normal housekeeping while others 
such as meat processing plants, canneries, and creameries, require large 
quantities. 
Table 7.12 shows the quantity of water intake and discharge for 
various major group industries over the period 1954-1968. 
TABLE 7.12. Water quantity in billions of gallons intake and discharge 
by various major industry groups for the years 1954, 1959, 
1964 and 1969 ^  
Water intake total Water discharge total 
Industry 
Group 1954 1959 1964 1968 1954 1959 1964 1968 
20 616 624 760 811 550 571 688 753 
23 10 10 10 10 9 9 9 9 
24 133 140 151 118 109 126 123 93 
25 7 3 3 4 4 2 3 4 
26 1786 1937 2071 2252 1020 1826 1947 2078 
27 13 13 13 13 12 13 13 13 
28 2685 3240 3888 4476 2550 3061 3662 4175 
29 1245 1319 1398 1435 1138 1204 1317 1217 
31 20 12 16 16 18 12 16 15 
32 279 251 249 251 254 264 219 218 
33 3842 3702 4578 5005 3682 3551 4312 4696 
34 113 44 57 68 102 41 53 65 
35 114 171 157 189 106 165 149 181 
36 114 93 105 127 90 88 91 118 
37 231 260 247 313 215 229 237 293 
38 19 23 29 38 18 22 26 36 
39 21 14 13 14 21 13 12 13 
^Source: Census of manufacturing, 1963, Table one, p. 10-19 and 
Census of manufacturing, 1967, Table lA, page 7-16. 
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Most of the water used by industries in the Skunk River Basin is 
pumped from wells or purchased from municipal supplies where ground 
water is the major source. Three communities, Fairfield, Montezuma, and 
Middletown, obtain all or most of their supplies from surface impoundments 
located in the basin. The first two have industries with firms ranging 
from Scale A to Scale D, but the majority are industries on the small 
scale side. Industries use the Skunk River mostly to discharge their 
wastes, which implies that industries increase the water discharge in 
the river, reduces its quality and its capacity to carry larger quantities 
of water during high intensity rainfall seasons. 
The purpose at this point is to determine how much water will be 
discharged into the stream per $100C10 value added, so further studies can 
be made to determine the degree of water quality deterioration by various 
industries in the basin at any point along the stream. Since the unit of 
activity is $1000.0 value added, this study will determine how much water 
intake and discharge by various industries will increase as a result of 
producing one unit of value added in any particular industry. Comparing 
the water intake and discharge by various industries per $1000.0 value 
added using "current dollars" over the period 1954-1968 it can be seen 
that industries do not have a clear cut rate with respect to change in 
water intake and discharge over time. In other words there is no stable 
rate of change. It is clear that although the total quantity demanded is 
increasing over time for most industries, the quantity demanded per $1000.0 
value added is declining (Tables 7.12 and B9). 
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On the other hand, water intake and discharge per $1000 value added 
in real money (Table B8) when 1954 is used as the base year, shows that 
the rate of decline in water intake per $1000 value added is smaller 
compared to that of water intake where current money is used. For example. 
Table B9 shows that under current money approach, the water intake by one 
industry during the period 1964-1968 dropped by 12.8 percent, while the 
actual change under real terms approach for the same period was 5.3 per­
cent only. 
Figures 7.1, 7.2, and 7.3 illustrate the water intake for three 
major industry groups. These figures illustrate that industries are 
different in their demand for water. For example. Figure 7.1 shows that 
chemical and products industries required about 170,000 gallons per $1000 
value added in 1968, while Figure 7.2 shows that the demand by furniture 
and fixture industries can be as low as 1000 gallons only. Figure 7.3 
illustrates that food and kindred products fall between the above two 
extremes. Furthermore, the three figures illustrate that the decline in 
water intake by various major industry groups' is more stable in case of 
real money terms than the current dollar case.^ 
Since the coefficients of inputs and outputs in the model were calcu­
lated using the current money approach, the estimation of water intake and 
discharge for the coming fifteen years was assumed to follow the average 
rate of change for the periods 1954-1959 and 1964-1968. Using current 
dollars the rate of change per year for industry j will be: 
Notice that the curve for real money is above that of the current 
dollar curve because the curve was constructed to show how much the demand 


























Figure 7.1. Water intake per $1000 value added for chemical and products 
industry 
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Figure 7.2. Water intake per $1000 value added for furniture and fixture 
Figure 7.3. Water intake per $1000 value added for food and kindred 
products industry 
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rate of change 1954-1959 + rate of change in 1964-1968 
(2) (5) 
so mathematically 
W j7o = W + W 
ÏÔ 
where W j% = the rate of change per year in industry j. 
For water discharge, the same reasoning was applied and Table 7.13 
was constructed to show the expected water intake and discharge per $1000 
value added for the periods 1970, 1975, 1980 and 1985. 
Net returns of the activities in the industrial sector 
The net return in current dollars per unit of activity in the indus­
trial sector will be found by 1) finding the gross value added by a unit 
activity = $1000; 2) finding extra labor costs (these are costs associated 
with labor requirements) man year work by one unit of economic activity. 
These extra labor costs vary from one industry to another and also 
according to the assumption on which these estimations were based; 3) 
finding depreciation cost (this also varies from one industry to another). 
Then, net returns = Gross value added - Extra labor cost - Depreciation 
or N.R.A. = G.V.A. - E.L.C. - D. 
Table BIO summarizes the labor requirement, extra labor cost, 
depreciation and net return for the industrial activities over the years 
1970, 1975, 1980 and 1985 using the labor requirements found for the 
basin. Table Bll summarizes the net return of each of the industrial 

























Water int ake Water discharge 
1970 1975 1980 1985 1970 1975 1980 1985 
1.4 27,952 25,995 24,175 22,480 26,006 24,136 22,734 21,200 
2.3 856 757 670 643 - -
4.8 18,292 13,902 10,565 8,075 14,033 9,826 6,458 4,550 
2.5 829 725 635 545 812 682 573 437 
1.5 208,220 192,603 178,156 164,790 185,397 155,733 130,816 110,000 
5.0 756 567 425 324 
2.6 162,808 141,643 123,229 107,809 151,222 130,807 113,148 97,873 
3.6 5,097 4,180 3,427 2,810 4,789 3,927 3,220 2,600 
3.2 25,452 21,279 17,875 15,120 21,397 16,476 12,687 9,700 
3.1 223,641 188,976 158,740 134,000 209,830 176,257 148,056 124,360 
6.2 3,061 2,112 1,457 1,000 2,867 2,007 1,405 975 
4.9 5,926 4,445 3,334 2,517 5,675 4,258 3,194 2,411 
3.9 4,387 3,510 2,808 2,260 4,076 3,260 2,608 2,086 
3.9 8,656 6,926 5,540 4,455 8,090 6,673 5,505 4,430 
2.9 5,193 4,440 3,796 3,220 4,920 4,182 3,554 3,022 
2.5 2,656 2,324 2,033 1,729 2,451 2,108 1,813 1,559 
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This chapter summarized the procedure to estimate the coefficients 
of production in various economic activities in both the agricultural 
and industrial sectors. The coefficients estimated by the above proce­
dures were utilized in the optimization model in Chapter V and the results 
of their use are presented in Chapter VIII. 
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CHAPTER VIII. RESULTS AND INTERPRETATION 
Results from applying the model developed in Chapter V to the 
Skunk River Basin study region utilizing data provided in Chapters III, 
IV5 and VII are presented in this chapter. Results from the agricultural 
and manufacturing sectors are summarized in terms of income, total 
employment, total value of assets, soil erosion, public cost (or needed 
investment to avoid damage), utilization of various land categories 
under various combinations and different public policies, and finally 
the water discharge from the manufacturing sector to the stream. The 
starting point or base year was assumed to be 1970, for which several 
solutions were obtained in order to determine the optimal values of the 
above variables under different soil erosion and public cost levels 
under various public policies- The level of the resources in the 
optimal solution was then utilized as an input to obtain the optimal 
solution for the year 1975. Additionally, the level of resources in 
the 1975 optimal solution was utilized to obtain the 1980 optimal 
solution, and finally, the 1980 results were used to obtain the 
optimal solution for the terminal year 1985. 
The projected values of these variables found in the various 
optimal solutions are summarized graphically for each of the five year 
intervals with point analysis for the change in aggregate income due 
to various levels of soil erosion and public cost. 
The results are presented in three sections. The first section 
discusses the optimal solutions for 1970, with interpretation of these 
results, particularly with respect to changes in aggregate income with 
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each level of soil erosion. In this section the isoaggregate income 
curve will be developed and explained, and changes in the value of the 
components of agricultural products as a result of changes in erosion 
level will be illustrated. The second section discusses the results for 
the whole study period and puts emphasis on changes in aggregate income, 
employment, land use, capital level, and return to investments in soil 
conservation. The third section will discuss the relationship of soil 
conservation practices or upstreams treatment to downstream treatment 
and the conditions under which it might be possible to substitute soil 
conservation practices for big dams. 
The 1970 results 
Summary of the results under four combinations (CB^, CBg, CBg, and 
CB^) are given in detail in Table B12, Appendix B. A summary of the 
results with respect to land use, and aggregate income under various 
combinations is given in Table 8.1. 
Table 8.1 shows how net income responds to a variation in erosion 
level and public cost. The combinations CB^ and CB^  show the level of 
aggregate income when the average soil loss is less than two tons per 
acre--and five tons per acre, respectively. The base run shows that 
increasing soil erosion up to five tons per acre increases net income 
by 1.6 million dollars. The last two combinations C^B and CgBg express 
the same relationship, but investments in soil conservation practices 
were under eight percent rate of interest, compared to three percent 
for the previous combinations. Comparing the two sets of alternatives 
it can be seen that aggregate income in the first situation was 
Table 8.1. 1970 results based on the employment level of 1970; summary 
with respect to land use; net income and erosion level under 
controlled erosion compared to non-erosion control^ 
Controlled erosion approach^ 
Class II land (acres) 
Public 
Combination Income Erosion costs No 
million (000) (000) Charge Force treat-










































^Source: computer outputs for the year 1970. 
^The level of erosion for each combination is according to the 
specification of each combination as was explained in Chapter V. 
E^rosion here is not limited to specification. 
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No control approach^ 
Class III land Class II Class III 
Public Public no no 
finance Pasture Income Erosion costs treat­ treat­
terraces (000) Force million (000) (000) ment ment 
100% acres constr. $ tons $ (000) ac. (000) ac. 
467.3 91.7 575.76 10756 3985 232 549 
467.3 91.7 
467.3 91.7 
235.3 91.7 172 





slightly higher than in the second combination for all levels of 
soil erosion. 
To evaluate the impact of soil erosion level on net income it was 
necessary to find the optimal mix of activities that maximize net 
income without soil erosion and public cost constraints. The rows for 
the two constraints were treated as accounting rows to indicate their 
levels in the optimal solution. The results of this approach are given 
(under no control approach) in Table 8.1 also. From the results it can 
be seen that production on Class II and Class III land with no soil 
conservation practives may produce maximum erosion from these soils 
(about 17.5 tons per acre terraces equivalent) and also maximum public 
cost in terms of flood and sedimentation damage. Furthermore, the gain 
from this is nil. Net income under this approach is exactly the same 
as net income produced under the controlled erosion approach. This 
indicates clearly that increasing erosion above five tons per acre 
does not contribute to net income, and at the same time reduces water 
and environmental quality. 
The response of net aggregate income to various levels of soil erosion 
and two levels of interest rate on investment in soil conservation 
practices are given in Figure 8.1. It can be seen from Figure 8.1 that 
net income increased with the income in soil erosion up to a certain 
level. Beyond this level of erosion, further increase of soil loss does 
not contribute to net income. 
Figure 8.1 does not actually give the response of net income to 
changes in erosion level alone. The net income is the result of 
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interaction between soil erosion and public investment, for a given 
level of resources and technology. For this reason it is of interest 
to examine the combination of soil erosion and public cost that 






8 percent interest rate 
3 percent interest rate 
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Figure 8.1. The change in net income at different soil erosion 
levels and interest rates 
question being answered is, what is the shape of the isoaggregate income 
when it is expressed as a function of soil erosion and public cost, 
assuming that the other coefficients of inputs are constant? 
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To develop the isoaggregate income, only the agricultural activities 
were used because manufacturing activities are not affected by either 
one of the two variables involved. The procedure to develop the iso­
aggregate income required a manipulation of data to obtain 64 optimal 
solutions for each level of interest rate. 
These solutions were obtained by assuming that the erosion level 
changed while the public cost remained constant as shown in Table 8.2. 
The results obtained for each level of interest rate are given in 
Table 8.3 for a 3 percent rate of interest, and in Table 8.4 for an 
8 percent rate of interest. The isoaggregate income was developed by 
connecting points of the same level. From the shape of the isoaggregate 
income in both tables, it can be seen that financing soil conservation 
practices at a low rate of interest makes it possible to achieve 
maximum net aggregate income from the available resources at lower 
levels of soil erosion and public cost. For example, under a 3 percent 
interest rate an aggregate income of 197 million dollars "curve I" 
can be achieved by the combination of one million tons of soil erosion 
(less than two tons per acre) and 730,000 in public cost, while under 
the high interest rate. Table 8.4 "curve III", the achievement of the 
same level of aggregate income requires an increase either in the 
public cost or in the erosion level above that of the desired level 
for the isoaggregate income curve I. 
Tradeoffs between aggregate income and environmental quality can 
be illustrated by the levels of curves I and II. Table 8.3 which shows 
clearly that from the given resources within the study region it is 
possible to increase net aggregate income by moving from point a on 
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Table 8.2. Combination of soil erosion and public cost to develop 
isoaggregate income 
Public costs Erosion levels (1000 tonsVper year 









curve I to point b on curve II. This move will increase aggregate income 
by $1.5 million, but it will also increase soil erosion by 1.2 million 
tons. In other words, the terms of trade are about one dollar in aggregate 
income for each ton of soil eroded. 
Thus, the two tables and the imposed isoaggregate income curves suggest 
that along a given level of aggregate income there is a possibility of 
substitutions between public cost and level of soil erosion, however, 
this substitution is not perfect since the two extremes of the isocurves 
show a tendency to be asymbtotic to the axis, "see curve II", and also by 
Table 8.1 which shows that increasing soil erosion above a certain 
limit does not change net income. Another observation with respect to 
the utilization of class II and class III lands under various combinations 
159 
Table 8.3. Summary of aggregate income when erosion and public costs 
at Che given level when rate of interest is 3 percent 
Public costs 
$(000) 800 900 
Erosion levels (1000 tons) 
1000 2000 2500 3000 4000 5000 6000 
1900 197. 4 197.6 197.7^ 199.1 
1600 197. 4 197.6 197.8 199.1 
1250 197. 1^ 197.2 197.4 il98.8 
A V B 
1000 196. 8 iV.^  197.4 lV.5 
730 196. 6 196.7 ]>5%-^198.2 
320 196. 0 196.2 196.4 196.5 
380 196. 0 196.2 196.4 196.5 
250 196. 0 196.2 196.3 196.5 
II 198.5 Isoaggregate Income 
I 197.0 Isoaggregate Income 
Wo change in aggregate income beyond these levels. 
^11, 198.5 isoaggregate income. 
^I, 197 isoaggregate income. 
can be made. Table 8.1 shows that optimal solutions suggested the 
forcing of construction of contouring on class II lands. This is the 
case when either soil erosion is limited to less than two tons per acre 
or when public investment is limited to one million dollars for the 
whole study region. With respect to class III land the optimal solution 
for all the combinations suggest that about 17 percent of this land must 
be under permanent pasture and 100 percent public finance to construct 
terraces on the rest of the area. 
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Table 8.4. Summary of aggregate income (agriculture) when society-
costs and erosion are at the given level with 8 percent 
rate of interest 
Erosion levels (1000 tons) 
(000) 800 900 1000 1940.6 2000 3000 4000 5000 6000 
1900 196.9 197 a 197.2 198.7 
1600 196.9 197 197.2 198.6 
1250 196.2 196. 3 196^ ^97.9 
1000 195.7 195. 8 196.0 197V-
— Ill 197.0 Isoaggregate 
Income 
730 195.1 195. 2 195.4 196.8 
320 194.2 194. 3 194.5 195.9 
280 194.1 194. 3 194.4 195.8 
250 194.1 194. 3 194.4 195.8 
*197 isoaggregate income. 
The third type of results are given in Table 8.5 which shows that 
by allowing soil erosion to increase the aggregate income from agricultural 
products will increase (within a limited range). Also the major components 
of this sector, namely cash crops and livestock, will change. The 
direction of change (increase or decrease) depends upon the relative 
prices of these two components and the desired level of environmental 
quality. For example, under 1970 relative prices the value of cash crops 
increased (Table 8.5) by $2.4 million while the value of livestock and 
livestock products decreased by $.8 million. This type of change in the 
components of the agricultural sector will be referred to later when 
the implication of the findings is introduced. 
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Table 8.5. Changes in aggregate income and the share of the 
components of the agricultural sector under various 
combinations, 1970 
3 percent rate 8 percent rate 
Item of interest of interest 
CB CB2 A C^B (=2^2 A 
Aggregate income in million $ 587. 5 589.1 1.6 587. 588.9 1.9 
a-from manufacturing 399. 399. 399. 399. 
b-from agriculture 188. 5 190.1 1.6 188.0 189.9 1.9 
i-from crops 76. 9 79.3 2.4 76.8 79.0 2.2 
ii-from livestock 111. 6 110.8 - .8 111.2 110.9 -.3 
The period beyond 1970 
This period covering the analysis of 1975, 1980, and 1985 was 
treated differently. This was to allow for expansion under additional 
assumptions regarding labor requirements per $1000 value added for the 
nation's and basin's averages. In addition, labor costs were treated 
under two assumptions. The first assumes the rate of increase in extra 
labor costs at the level of 1969-1970 rate, and the second assumes the 
rate to be 1.2 times the first one. 
The results of these runs are summarized in Tables B13, B14, and 
B15 (Appendix B) and illustrated graphically in Figures 8.2, 8.3, 8.4, 
8.5, 8.6, 8.7, 8.8, 8.9, 8.10, 8.11, and 8.12. The results with respect 
to soil conservation practices do not differ in principle from the 1970 
results and so they will not be repeated here.^ Instead the point of 









1970 1975 1980 1985 
Years 
Figure 8.2. Net income in the production sector and its 
major components (Appendix B, Tables B12, B13, B14 and B15) 
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emphasis here is to show that the aggregate income is expected to increase 
over the 1970-1985 period when soil erosion is within the norms as 
specified by the public (48). Also the optimization was obtained 
utilizing two levels of labor requirements by major group industries. 
The first utilized labor requirements as found for the study region 
while the second utilized the labor requirements as found for the nation. 
The reason for the above two levels of optimization is to find 
the gap between the actual net income under the existing firm sizes 
compared with potential net income based on the nation's average labor 
requirements for each major industry group. Figure 8.2 shows the two 
expected levels of net income and the gap between the two levels. From 
Figure 8.2a and 8.2b it can be seen that this gap is decreasing in 
magnitude and might be eliminated by the year 1985Figure 8.2 also 
shows the expected rate of growth or share of each one of the major 
components in the production section. Comparing the two curves b^ and 
c in Figure 8.2 it can be seen that although the value of agricultural 
products is increasing over time (in current dollars), but the rate 
of increase is lower than that of the manufacturing sector. This 
difference in the rate of growth tends to lower the share of the 
agricultural sector in the net aggregate income. For example, the 
share of the agricultural sector was about 34 percent in 1970, and 
is expected to be 29 percent for the year 1980 and to reach 24 percent 
by the year 1985. The reasons for this rapid decline of this sector share 
^This is possible if the manufacturing sector can increase the 
level of employment by four percent annually. The rate of employment 
growth is illustrated in Figure 8.3. 
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in net aggregate income can be explained by the fact that this region 
is highly developed with respect to agricultural technology. The 
optimization solutions show that all the resources, that can be used 
for production are already used under the given relative prices. Yields 
per acre are not expected to increase appreciably.^ Cost of production 
2 is expected to increase as was explained in Chapter VII. If prices 
of agricultural products do not increase at a rate higher than the 
rise in production cost, then net income will be squeezed and grow at 
a lower rate• On the other hand employment and net value added in the 
manufacturing sector are increasing over time (Table 8.16, Appendix B). 
This table shows the calculated 1970 value added and expected value 
added by worker in each major industry group over the 1975-1985 study 
period. Table 8.6 compares the expected value added per one unit 
labor to its total cost on an annual basis. It can be seen from this 
table that average value added for each major industry group is higher 
than labor costs that are needed to produce it. In other words, Table 
8.6 shows that the manufacturing sector has greater potential to expand 
Chan the agricultural sector. 
Employment—total employment in the production sector--is expected 
to increase over time but this does not imply that both sectors will 
increase. In fact, the two sectors behaved differently and in opposite 
^he reasons why average yields are not expected to increase very 
much over time was explained in Chapter VII. 
^Prices are expected to follow the trend for the last three 
decades in spite of the fact that prices are increasing rapidly 
this year. 
TABLE 8.6, Comparisons between total labor costs per unit worker in each major group industry with 
the expected value added created by one labor unit.^ 










































Food and kindred products 20 8.9 11.2 9.9 13.7 10.8 16.4 11.3 18.5 
Apparel and related products 23 4.9 8.0 5.3 8.4 5.6 8.7 5.7 9.3 
Lumber and related products 24 7.0 8.7 7.5 9.5 8.0 11.1 8.2 12.8 
Furniture and fixtures 25 7.2 9.6 7.7 9.9 8.0 10.3 8.3 12.1 
Pulp and paper products 26 9.2 11.1 9.9 12.0 10,4 14.5 10.6 16.0 
Printing and publishing 27 9.2 12.8 9.9 14.8 10.4 16.7 10.6 18.4 
Chemical products 28 8.6 28.5 9.5 30.5 10.0 33.8 10.2 34.8 
Leather and leather goods 31 7.3 7.7 8.2 8.6 8.7 9.2 8.8 9.9 
Stone, clay and glass prod. 32 8.2 14.0 8.9 15.5 9.4 16.3 9.6 18.3 
Primary metal industry 33 9.0 14.0 9.8 15.5 10,3 17,0 10.5 18.0 
Fabricated metal products 34 7.8 14.1 8.6 14.5 9,1 15.2 9.5 17.0 
Machinery, except electrical 35 9.3 13.8 10.4 15.0 11,1 17.0 11.5 18.0 
Electrical machinery 36 7.5 16.8 8.3 18.6 8.7 19.5 8.9 16.7 
Transportation equipment 37 7.6 11.2 8.6 12.8 8.8 14.5 9.0 15.0 
Instrument and related prod. 38 8.2 16.8 9.2 18.7 9.4 20.5 9.8 22.5 
Miscellaneous manufacturing 39 8.4 11.4 9.4 11.9 9.9 14.0 10.1 15.4 
^Source: Tables B16 and B7, Appendix B (1) From Table B16 (2) From Table B7 - using assump­
tion two for the years 1975-1985. 
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directions to each other. For example, employment in the agricultural 
sector may decrease over time while employment in the manufacturing 
sector has the potential to increase over time. 
Admitting that time is required for the manufacturing sector to 
increase the level of employment above the actual rate, this study allows 
only 2-2.5 percent increase annually during the period 1970-1980. The 
optimal solutions in 1980 allow for labor to increase in the manufacturing 
sector at a rate about eight percent per year. This makes the average 
rate of employment growth in the manufacturing sector about four percent 
annually over the period 1970-1985.^ Optimal solutions for 1985 were 
obtained without allowing for additional labor in the manufacturing 
sector. 
Figure 8-3 shows that employment level in the manufacturing 
sector can increase to 56,000 workers by the year 1985. This level 
of employment is about 20,000 workers above the expected level under 
normal conditions. Assuming that additional workers in the manufacturing 
sector will induce one job in the service sector, then expanding of 
employment in the manufacturing sector will increase the level of 
2 
employment in the service sector by 20,000 workers. Thus, the 
increase in total employment in the region may be about 40,000 
workers. If this expansion in manufacturing sectors were permitted 
^This rate is twice as much as the actual rate of growth over the 
last two decades. This growth is needed to close the gap between the 
region labor requirement per unit value added compared to the nation's 
requirement. 
2 Information was obtained from professor Marvin G. Julius, 















Figure 8.3. Employment in the production section and also employ­
ment in each sector 
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then net migration for the study region counties may behave differently 
and young people within the age group 29-49 may find their opportunities 
in the region. 
Employment in the agricultural sector was expected to decline. The 
optimal solution shows that the rate of decline over the study period 
is not constant but it is about two percent per year on the average. 
Capital accumulation--the existing capital was estimated to be 
268 million dollars for the year 1970, which consisted of about $210 
million in the agricultural sector. Tables 4.3 and 4.4, and about 
$58 million in the manufacturing sector. Table 4.5. The optimal 
solution for each year allowed borrowing money, for investment in the 
agricultural sector, at a 10 percent rate of interest. The same procedure 
was followed for the manufacturing sector, but the rate of return on 
investment was not allowed to go below 25 percent per year. As a result 
of this, capital increased over time as shown in Table 8.7. 
Based on Table 8.7, the tendency of capital to grow over the study 
period is illustrated in Figure 8.4. From Figure 8.4 it can be seen 
that the manufacturing sector continues to increase capital at an 
increasing rate (the slope of 8.4c is increasing over time) while 
capital growth in the agricultural sector is increasing at decreasing 
rate (Figure 8.4b). 
This implies that capital in the agricultural sector is at about 
the saturation point while capital in the manufacturing sector is very 
low because most of the firms in the manufacturing sector are within 
the 1-20 range of workers per establishment and investment is 
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Figure 8-4. Total capital over the study period 
1985 
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Table 8.7. Capital expected to accumulate in the 
years and sectors^ 






Manufac tur ing 
(000) 
1970 268000 210000 58600 
1975 337400 271200 66200 
1980 392600 310500 82100 
1985 456500 317900 138600 
^Source: Tables B12 to B15. 
The values here represent a 5 year lag because of the previous 
assumption that the optimal value in each period can be realized at the 
next point of optimization. 
Capital labor ratio (K/L) An indication of present resource use 
can be illustrated by a calculation of the capital per labor ratio, com­
monly represented by K/L. This ratio shows the intensity of resource use 
and can be calculated for each sector. In the study region this ratio was 
calculated and found to be as shown in Table 8-8. Based on Table 8.8, 
Figure 8.5 was constructed to demonstrate how this K/L ratio is expected 
to behave over the study period. 
Figure 8.5 shows that the agricultural sector is capital-intensive 
compared to the manufacturing sector, it is expected to be so over the 
study period not only because of additional capital invested in this sec­
tor, but also because total employment is decreasing over time as was 
illustrated in Figure 8.4. The K/L ratio in the manufacturing sector was 
estimated to be $2160 per worker. This ratio is about one-eighth the 
magnitude of the ratio in the agricultural sector. 
K/L ratio $(000) 
per worker 
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Figure 8.5. Changes in K/L ratio over time 1970-1985 period 
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Table 8.8. Capital per labor 
and overtime^ 








1970 6600 16000 2150 
1975 7700 23000 2200 
1980 8700 26500 2450 
1985 8050 30100 3000 
^This table is based on Table 8.7 and Figure 8.3. 
\his ratio declined because total capital increased only by 10 
percent while total employment increased by 40 percent over the previous 
per iod. 
A comparison was made between the study region K/L ratio in the manu 
facturing sector with K/L ratio for the entire state of Iowa. The state 
ratio was found to be about $1975^ for the year 1970. 
The similarity of the above two ratios in the manufacturing sector 
seems to show that the procedure used in this study to derive the study 
region coefficients is justifiable. The slightly higher K/L ratio in 
the study region suggests that the region is at about, or above, the 
state average with respect to the capital per labor ratio. Figure 8.5b 
shows that K/L is expected to increase during the period 1970-1980. 
After 1980 the tendency will go downward. The reason for this decline 
might be increasing investment in the manufacturing sector, combined 
^This ratio was found as follows: The total stock of capital in Iowa 
was estimated to be about $4,242 million (46). Total state employment was 
estimated to be 2,147,000 workers in the manufacturing sector (102). 
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with a low rate of additional investment in the agricultural sector. 
This combination will drive the K/L ratio of the study region closer 
to K/L ratio in the manufacturing sector. 
Conservation practices include soil conservation structures such 
as contours and terraces. Also it does include conservation crops in 
terms of pasture land, cover crops, hay and grazing land. The optimal 
solutions for each year through the study period indicate that most of 
class V, VI and VII lands were utilized for cover crops- The range of 
utilization is between 94 and 100 percent of the total area in these 
categories. This implies that these land resources are indispensable 
to the region's economy and their efficient use is needed for the 
achievement of the public objectives of maximum income associated with 
a desirable level of environmental quality. Figure 8.6 shows the areas 
of the cover crops over the period 1970-1985. Figure 8.7 shows that 
optimal solutions indicate that contouring is needed on the class II 
land category while the class III land category needs terraces or 
cover crops for erosion control. The two treatments can be substituted 
for each other within a limit. Figure 8.7 shows that as the area under 
pasture increases the need for terraces declines by the same rate and 
vice versa. The class I land category and the class IV category 
were fully utilized in the optimal solutions, thus no idle land exists 
in either of these categories. 
Return to investment—it was assumed that the study area is a 
local subdrainage river basin.^ This assumption implies that soil 
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Figure 8.7. Utilization of the class II and class III categories, 
for the period 1970-1985 
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conservation practices are highly efficient in controlling flood damage 
and soil erosion. Then reducing those costs of flood and sedimentation 
damages can be credited to these practices. Figure 8.8a shows the 
magnitude of flood damage as was estimated by the Corps of Engineers^ 
(49) (see Table 6.5). Figures 8.8b and 8.8c show the cost of constructing 
terraces at two rates of interest—8 and 3 percent respectively. The 
area between either one of these two curves and curve 8.8a shows the 
total benefits or returns on investment in soil conservation practices 
under the given rate of interest. Furthermore, the opportunity cost 
of delaying the construction of terraces or any soil conservation 
practices needed on different soils can be found from Figure 8.8 simply 
by reducing the size of the area according to the number of years delayed. 
As an extension of the previous discussion of the net return 
on investment in soil conservation practices, the third section now 
will try to answer the question with respect to substitution and 
complementarity between soil conservation practices and big dams. 
The earlier discussion established that soil conservation practices 
are efficient in controlling sediments and reducing peak flow if 
terraces were planned for this purpose. Suppose that at one point 
along the river the construction of a big dam (i.e., Ames Reservoir) 
is in the planning process. The main question in the mind of the 
Using the Corps of Engineers data here should not imply that 
these values of flood damages are accurate. The main objective of 
introducing them is to emphasize the point that if these flood damages 
can be utilized to justify big dams, then by all means they can be also 
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Figure 8.8. Returns to investment in spil conservation practice in 
current dollars over the period 1970-1985 ^ 
^This can be found chrough estimation of the present value of avoiding 
damages over the period 1970-1985 against the cost of investment - as if it 
was completed during 1970. This assumes construction of 4,665,000 acres at 
$75 cost/acre discounted at the given rate of interest. 
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planning agency is to decide whether this big dam can achieve the 
desired objectives of reducing flood damage and improving the environmental 
quality. 
To help the planner to reach a decision let us assume a production 
function where the output is environmental quality (E.Q), that can be 
produced through utilization of two inputs, namely soil conservation 
practices (S) and big dams construction (D). 
Mathematically this function can be expressed as 
E.Q = f(S.D) 
Figure 8.9a shows that the isoquant I intersects the vertical axis 
at M indicating that for a small watershed it is possible to control 
erosion and flood damage, and to improve environmental quality; and 
for that reason, soil conservation can be a perfect substitute for 
big dams (see Appendix B). On the other hand big dams which cannot 
reduce the sediments from upstream land will not contribute to improving 
water quality above the reservoir. After the water reaches the reservoir, 
the latter will have an influence on water through reduction of sediment 
loads in water downstream.^ So big dams will not eliminate erosion 
and sediment yields from upstream land. For this reason the isoquant 
I which represents a set of isoquants that can be developed from the 
production function will not cut the horizontal axis no matter how 
large the investment in big dams. Because increasing the size of the 
The rate of influence will depend on the trap efficiency of a 
particular reservoir. 
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reservoir cannot eliminate the need for soil conservation practices, 
the isoquant I will be asymptotic to the horizontal axis. 
This implies that under these conditions soil conservation can be 
a perfect substitute for large dams while the latter cannot be a perfect 
substitute for soil conservation practices. 
Under these circumstances the priority to invest may go to soil 
conservation practices. 
Now suppose that the watershed under consideration is the Mississippi 
River Basin. In this large river basin it is possible to find different 
soil categories. On some of these soils construction of soil conservation 
practices may reduce runoff. In spite of that, runoff from all types 
of soils can be very large and exceed the river's capacity to pass 
the quantity of water produced by a particular storm, thus, under 
these conditions flood damage may take place. Therefore, in this case, 
soil conservation practices cannot eliminate the need for big dams. On 
the other hand, absence of soil conservation practices will yield 
sediment that will be deposited in the big dam and reduce its storage 
capacity, and its efficient lifetime. Based on this, the previous 
production function will have an isoquant set that can be presented 
by L2. Figure 8.9b. This set shows that within the range ab, 
substitution is possible. Increasing the dam size above the d2 level 
will not reduce the needed level of investment in soil conservation 
practices below that of level OS^. At the same time, increasing the 
investment in soil conservation practices above a will not reduce the 
needed investment in big dams below that of the Od^ level. This 
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$ investment in soil conservation practices 
level of environmental quality 
$ investment in big dams 
Figure 8.9a. Investment combinations of soil conservation and big dams for 
small river basin 
$ investment in soil conservation practices 
level of environmental quality 
Figure 8.9b. Investment combinations of soil conservation and big dams 
for large river basins 
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implies that the two types of investment are needed under these conditions. 
The above illustrations show that soil conservation practices on local 
sub-drainage river basins are needed because of their efficiency in 
preventing erosion and control flood damage. Also, these practices 
are needed in planning larger river basins, where large dams are found 
to be necessary. Investments in soil conservation practices are needed 
here to protect investments in large dams through elimination of sediment 
that reduces storage capacity in these big dams. 
Water discharged from the manufacturing sector—optimal solutions 
over the study period shows that more waste water is expected to be 
discharged from manufacturing sector. Figure 8.10 indicates that the 
quantity of waste discharged may increase on the average by five percent 
annually. This increase of waste water in flowing streams may introduce 
problems with respect to water quality. Some manufacturing wastes 
waters contain significant amounts of nitrogen and phosphorus nutrients, 
while in others these materials are absent. Instead solid wastes and 
other chemical compounds may exist. Thus, it can be seen that 
expansion of the manufacturing sector may reduce environmental quality. 
Costs of water treatment depends on the quality demanded at various 
critical points along the stream. Water quality demanded at these 
various points should be examined with respect to its opportunity cost. 
This interpretation is in agreement with the Leopold and Haddock 
statement (59, p. 4) that both downstream and upstream treatments are 

























0 1970 1975 1980 1985 
Years 
Figure 8.10. Expected water discharge "million gallons per year" over 
the period 1970-1985 (Tables B12, B13, B14 and B15) 
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For example, water quality is needed at certain level to maintain desired 
fish population in the stream for sport fishing. This quality level 
may force industries out of the region or at least limit the 
possibilities for new industries. 
If a new industry now reduces water quality, by disposing of its 
effluent in the stream, so that fish populations can no longer survive 
then the addition to net aggregate income from the industry must be 
compared to the benefits sacrificed (lost) from fishing that is now 
precluded. To illustrate this, consider the case where introduction 
for new industry adds $10 million dollars to net aggregate income 
requires to sacrifice 50,000 fishing days in the region, then the 
opportunity cost of one fishing day is $200. On these bases, the 
public decision in favor or against the new industry can be made. 
In summary this chapter covered the analysis of the results 
obtained at quinquennial time period 1970-1985 for the study region. 
The results were presented in tables and graphs and explanation 
was given for each item. 
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CHAPTER IX. CONCLUSION, IMPLICATIONS, SUMMARY 
The purpose of this chapter is to evaluate the study's achievements, 
limitations, and implications. Based on this evaluation, areas for 
further research will be suggested. Finally a summary will be provided 
which will tie together the various parts of this study. 
Conclusions related to the study objectives 
In order to understand the regional planning problems and discover 
and develop alternative planning solutions, this study was directed 
towards six objectives. The first objective was to determine the optimal 
mix of activities at quinquennial time periods for the period 1970-1985 
in agriculture and industrial sectors subject to environmental constraints 
and resource availability. This objective was accomplished through the 
development and application of the methodology contained in Chapter V 
(this is also in line with the fourth objective). This methodology was 
applied to the study region which was delineated in Chapter II. The 
approach was concerned with inputs and outputs that can be evaluated 
through an assumed perfectly competitive market structure. The results of 
optimization at each point in time are summarized in Tables B12, BIS, B14, 
and B15 Appendix B and illustrations of major points were given graphically 
in Figures 8.1-8.11. 
The second objective was to determine the impact of particular land 
use policies and programs with respect to financing soil conservation 
practices. This objective was achieved through the introduction of six 
policy measures including crop production on lands that are subject to 
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erosion. These policy measures include crop production with no treat­
ment to reduce soil erosion, crop production where the producer was 
charged according to the level of damage that this production caused to 
the public, crop production where producers were forced to construct the 
needed conservation practices, and crop production where the public 
financed investments in soil conservation at various levels. Furthermore, . 
four combinations of public cost and soil erosion were examined. These 
combinations were constructed to reflect inverse relationships between 
soil erosion and public costs. For example combines one million tons 
of soil erosion with 3.2 million dollars cost, while B4 allows soil erosion 
up to 9.0 million tons but limits public cost to 1.0 million dollars. The 
inverse relationship between the quantity of soil erosion and public cost 
is an expression of the willingness of the public to invest in soil 
conservation practices, reducing erosion losses and deterioration of en­
vironment. If the producers were willing to continue production with no 
soil conservation treatment on their lands, the public will not tolerate 
larger than the specified level of public cost. 
Five conclusions can be drawn from the introduction of these policy 
models, a) Maximum net income associated with the highest environmental 
quality can be achieved through reduction of soil erosion from class 
three land, b) Public finance for construction of soil conservation prac­
tices on class three land is needed, c) Class II land was expected to 
produce soil erosion within the range specified by the public norms. This 
land does not need public assistance but the optimal solutions suggest 
forcing farmers to construct the needed contours on their farms, d) Optimal 
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solutions suggest that about 20 percent of class three land needs 
permanent pasture, e) Increasing soil erosion beyond five tons does 
not necessarily increase net income. 
Another question related to the second objective was also considered. 
This is a question of the rate of interest to be charged on these invest­
ments. The first level selected was a 3 percent rate of interest and the 
second level selected was an 8 percent rate of interest where the pro­
ducer has to finance his investment through the money market. One 
conclusion was drawn from the above comparison between the two rates of 
interest. This is that under a lower rate of interest, achievement of 
a given level of net income is possible with less soil erosion and public 
cost. 
Through this approach the study achieved this objective by showing 
the trade-offe between soil erosion level and net income. As was shown be­
fore, this analysis identified the combinations of soil erosion and public 
cost that are associated with the highest level of net aggregate income 
as shown in Figure 8.3. The third objective was to determine to what 
extent soil conservation practices are a substitute for, or a complement 
to, large dam construction. This was achieved through cost-benefit 
analysis of soil conservation practices, and the efficiency of these 
practices in controlling flood damages in the study area. The discussion 
developed in Chapters VI, VIII and Appendix B explains in general terms 
the range of substitution between the two alternatives. The fifth objec­
tive with respect to the recommendation to improve resource use will be 
presented in the following two sections by discussing the implications of 
the findings first, and then the limitations of the analysis. 
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The last objective is related to the recommendations for future 
research. These recommendations will be based on the limiting assumptions 
which were incorporated through the study, as well as from the conclusions 
which may be abstracted from the study. These recommendations are dis­
cussed in a later section. The point has been reached to summarize the 
major findings of this study before discussing their implications. These 
findings include: 1) optimal resource allocation can be obtained at the 
erosion level within the range 1-5 tons/acre. Increasing the erosion 
level beyond the above public norms does not necessarily increase net 
aggregate income. 2) Financing soil conservation investments at a low 
rate of interest allows achievement of the highest possible net income 
at a lower erosion level. 3) There is a limited substitutability between 
erosion level and public cost. 4) The 1970 optimal solution shows that by 
increasing the erosion level the major components of the agricultural 
sector behave differently. 5) The possibility for expansion in the 
manufacturing sector is very good. If the expansion path given in the 
optimal solution can be followed, the gap between the study region and 
the nation's average for labor requirements will be eliminated. 6) Total 
employment in the study region is expected to increase in spite of the 
declining number of workers in the agricultural sector. 7) Expansion of 
the firms in the manufacturing sector may increase the waste quantities 
discharged into the Skunk River and contribute to water pollution in the 
stream. 8) The optimal solution suggests that soil erosion must be limited 
on class three land. Two alternatives for this are terracing and cover 
crops. 
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Implication of the findings 
There are five implications of the study that follow from the study 
objectives and the general approach taken in the work. These are enum­
erated and discussed below. 
1) It is possible to utilize the model for other river basins to 
determine (within the range of society norms with respect to soil erosion 
of one to five tons per acre) the optimal mix of activities that maxi­
mize aggregate income. Also, it is possible to determine the opportunity 
cost of adopting the higher or lower level of this norm. 
2) This type of study shows the great need for interdisciplinary 
cooperation. The economic analyst can do a good analysis if the physical 
scientists provide him with the needed data, but it is his responsibility 
to show the type of data needed for a complete economic analysis. This 
study has pointed out the types of data that should be provided to con­
duct this sort of regional planning. It should also be emphasized that 
research of this type should be conducted by teams of specialists from 
various disciplines. 
3) The study also indicates the need for cooperation and team work 
not only between scientists from various fields but also among various 
public agencies planning and constructing projects for resources, develop­
ment, and improvement of environmental quality. This cooperation among 
different public agencies concerned with planning and developing land 
and water resources is needed to make sure that public funds invested in 
these projects produce the highest economically feasible level of environ­
mental quality as specified by the public- The actual situation today 
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shows that some public agencies plan projects and justify them on the 
basis of cost benefit analysis of various components such as flood con­
trol, recreation, navigation, etc. It must be admitted that cost-benefit 
analysis cannot evaluate correctly the costs and benefits of producing 
public goods such as the environmental quality. An analysis carried by 
one particular public agency only may ignore the evaluation of costs and 
benefits of an alternative approach- This alternative might be cheaper 
or more effective than the approach that happened to be the choice of 
that particular agency. Furthermore, some public agencies may over­
estimate the benefits of the proposed project through overestimation of 
expected future damage.^  This is made in order to justify the construc­
tion of their favorite project. Cooperation among the different public 
agencies might bring all the possible alternatives together, and may 
result in adopting the plan that is more likely to achieve public 
goals. 
4) The model used in this study can be extended and utilized for 
interregional planning. Supply and demand of various regions within 
one state or more for different types of commodities can be determined 
and the optimal mix of activities that will maximize income of all the 
regions concerned can be found. 
This approach will account not only for the possible development of 
one region, but also for the interactions among several regions. The 
model is flexible and can be utilized for five years or for a longer 
H^aveman (34, p. 33) found that the realized benefits from public 
projects may not exceed 25 percent of the benefits evaluated ex poste 
compared to the original benefits estimated ex ante. 
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planning horizon. This type of development plan can be adjusted annually 
according to the availability of more reliable information with respect 
to resource availability and technical coefficients. Based on this con­
tinuous adjustment, more reliable results can be obtained and used to 
draw sound economic decisions. 
Furthermore, the impact of different policies with respect to environ­
mental quality can be introduced into the model at any point in time, and 
the impact on the region's economy can be determined in advance. This 
might be a useful tool for Iowa conservancy districts and public agencies 
concerned with environmental protection. 
Limitations of the analysis 
The limitations of the analysis can be divided into two categories. 
First - limitations of the physical model. These include the following: 
a) spatial limitations: the model assumes that other regions do not 
change their production or consumption pattern, and also that the increase 
of agricultural and manufacturing outputs will not have any impact on in­
puts and output prices of the other regions. This assumption may not hold 
in the real world where regions are undergoing continuous changes with 
respect to population growth, production capacity and demand for various 
goods and services, b) Forecasting problems: the model assumes or takes 
for granted that production coefficients and prices of various commodities 
will be at certain levels which were predicted by previous studies. Evi­
dence of this year's prices show how far the predicted prices can be from 
reality, c) Firm size: This limitation is more serious in the 
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manufacturing sector where there are many firms in each major industry 
group.^  Firm sizes are different, commodities produced are heterogeneous, 
levels of employment and efficiency of production are different. In 
spite of this, the study assumes for simplicity that the production 
coefficients for the firms in the study region are equivalent to comparable 
sizes for the nation's averages. This assumption may not stand the test 
if the model is applied to solve real world problems for this region or 
any region, d) The homogeneity with respect to flood and sedimentation 
damage, over a very large river basin: The homogeneity assumption is 
used excessively for simplifications of economic analysis. It's use 
here ignores the existing differences between various subriver basins in 
terms of climatic conditions, soil characteristics, types of vegetation and 
land uses. 
The above four types of limitations act primarily as constraints 
on real conditions. The inability to make direct applications of the 
findings to any particular region does not destroy the validity of the 
theoretical framework. Actually, the limitations point out lack of knowl­
edge in these areas. 
The second category is related to limitations with respect to the 
broad concept of the problem. For example, only a single quality param­
eter, soil erosion is considered. It can be argued that water quality 
and eventually environmental quality can be greatly reduced through in­
creasing discharge of waste water from manufacturing firms. 
M^ajor group industry refers to two digit classification of indus­
tries as defined in the standard Industrial classification manual Volume 
I, manufacturing industries, dated November, 1945. 
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This study recognizes the need to investigate deeply into the problem, 
but because of limited time available, only estimations of the quantities 
of water discharged into the Skunk River are given in Appendix B and 
illustrated graphically in Figure 8.11. 
Suggestions for further research 
Most of the limitations of the study are associated with data 
problems. For this reason research is needed to provide information to 
be used in relaxing the assumptions that were imposed on the analysis. 
These simplifying assumptions indicate lack of knowledge and suggest 
feasible areas of research for the near future. 
The suggestions made here will be mostly confined to the field of 
economics but, since economists need data to apply this analysis, one 
area for future research can be to improve data availability. Much of 
the research in the area of improved data falls in the domain of the 
physical and biological sciences. A better understanding of the soil 
erosion off-site and on-site damage is required. The effectiveness of 
soil conservation practices to reduce these damages under different 
climates and land use systems is needed. Costs and benefits of soil 
conservation practices at different locations are necessary for economic 
analysis. Research is needed to determine the production coefficients 
representing the needed inputs per one production unit. In addition 
to this, the type of output produced by that production unit must be 
identified. This information will allow the comparison between the value 
of the desirable outputs that are included in GNP with the cost of the 
undesirable outputs that degrade the environment. This degradation is a 
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cost that should be subtracted from the gross value of that particular 
output. In connection with this point Samuelson (73, p. 102) has pointed 
out : 
Political econony is increasingly concerned with net economic 
welfare (NEW). Where (NEW) is the correct version of GNP-corrected 
by subtracting from the conventional calculation those non-
material disamenities that have been accruing as costs to our 
economy whether or not they have been recognized and charged 
against the industries and activities that cause them. 
Research is needed to investigate the appropriate management system for 
the efficient resource utilization from the public and private point of 
view. This requires development of an environmental management system 
that considers the nation's waste assimilation capacity as an exhaustable 
resource, while also considering land, air, and water quality problems 
simultaneously. Also, there is a need to investigate or develop the 
needed soil conservation practices that are both efficient for erosion 
control and to the farmers. Research is needed with respect to authority, 
responsibility, functional and geographical jurisdiction, and coordina­
tion requirements among all agencies that are concerned with natural 
resources in general, and to sediment control in particular. The social 
and political constraints needed to make individual property owners meet 
erosion control standards must be identified. Research is further needed 
to answer questions such as. How can the public demand for water use and 
quality levels be quantified?, how can the equilibrium points between the 
cost of achieving various water quality levels and the public use of 
various quality levels be quantified? What does the cost curve for soil 
and chemical pollution show?^  Sediment may have been a natural phenomenon 
h^e above questions and illustrations for further research needs 
were discussed by Rosenberry and Moldenhauer (70). 
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in a river's ecology, but man's activities increase its rate. In 
addition to the sediments, manufacturers add new types of pollution 
which is chemical pollution. Research is needed here to determine the 
type of control standards in this instance. Implicit in any pollution 
standard is the eventual determination of who is and who is not exceeding 
the permissible level. 
The public cannot decide on pollution standards or compliance 
measures until it knows the cost involved. Data are needed to show the 
costs of achieving various levels of pollution control for various soil 
associations and environments. To compare costs, each alternative must 
be evaluated in terms of costs and the specific control it would provide. 
All this information and more will be needed to implement pollution 
controls while helping individual farmers comply with them to the point 
that maximum net aggregate income subject to environmental quality can 
be achieved within a given particular region. 
Summary 
The National Environmental Act of 1969, (15, p. 244), public law 
91-190 January 1, 1970 includes, the declaration of National Environmental 
Policy Section 101(a) 
The Congress, recognizing the profound impact of man's 
activity on the interrelations of all components of the natural 
environment, particularly the profound influences of population 
growth, high-density urbanization, industrial expansion, resource 
exploitation, and new and expanding technological advances and 
recognizing further the critical importance of restoring and main­
taining environmental quality to the overall welfare and development 
of man, declares that it is the continuing policy of the Federal 
Government, in cooperation with State and local governments, and 
other concerned public and private organizations, to use all prac­
ticable means and measures, including financial and technical 
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assistance, in a manner calculated to foster and promote the 
general welfare, to create and maintain conditions under which 
man and nature can exist in productive harmony, and fulfill the 
social, economic and other requirements of present and future 
generations of Americans. 
In order to carry out the policy set forth in this Act, it 
is the continuing responsibility of the Federal Government to 
use all practicable means, consistent with other essential con­
siderations of national policy, to improve and coordinate Federal 
plans, functions, programs, and resources to the end that the 
Nation may--
(1) fulfill the responsibilities of each generation as 
trustee of the environment for succeeding generations; 
(2) assure for all Americans safe, healthful, productive, 
and esthetically and culturally pleasing surroundings; 
(3) attain the widest range of beneficial uses of the environ­
ment without degradation, risk to health or safety, or other unde­
sirable and unintended consequences; 
(4) preserve important historic, cultural, and natural 
aspects of our national heritage, and maintain, wherever possible, 
an environment which supports diversity, and variety of individual 
choice; 
(5) achieve a balance between population and resource use 
which will permit high standards of living and a wide sharing of 
life's amenities; and 
(6) enhance the quality of renewable resources and approach 
the maximum attainable recycling of depletable resources. 
In line with the above act the state of Iowa is one of the pioneer 
states to advocate soil conservation policy. About one hundred soil 
conservation districts have been in existence in Iowa for more than 25 
years. Additionally, in 1971 the State of Iowa was divided into six 
conservancy districts. Rules for their operation were created by the 
Conservancy District Act (48)^  which suggested soil limit regulations and 
S^ee Chapter I, p. 6 for discussion of major points. 
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cost sharing on agricultural lands. Other public agencies were 
active in planning and constructing large projects for the same 
objectives stated in the Environmental Act 1969 and Iowa's New 
Conservancy District Act. 
The previous two acts express the society preference for a 
higher quality environment. In line with these objectives which 
were outlined in the previous two acts, this study is designed to 
show the need for comprehensive regional planning that can achieve 
efficient resource use without further deterioration of environ­
mental quality or resource availability for future generations. 
Delineation of the study region and the survey of the exist­
ing resources and economic activities in the study region prepared 
the stage for the application of the model. Various combinations 
of soil erosion levels and public costs were compared under 
different policies with respect to financing possibilities. 
The results are salient in showing the need for public funds 
to finance the needed soil conservation practices. Also, it does 
point out the need for more cooperation between different public 
agencies that are concerned with natural resources development 
within any particular region. 
Conclusions of the study with respect to the study objectives 
were discussed in the first section of this chapter. Implications 
and limitations of the analysis were given in the second and third 
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sections. Based on these limitations, areas for further research 
were suggested in the fourth section. Finally, this section summarized 
the main points of this study. 
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TABLE Al. Summary of population trend in the basin over the period 1940-
1970 and projected for the years 1975^  1980 and 1985 
by sex and age groups 
Age group , 
1-14 15-19 20-29" 30-39 40-49 
Year MFMFMFMF MF 
1940 29082 27693 11138 10783 18548 18951 15728 15812 15845 14862 
1950 32643 32100 9320 8934 20284 18:29 16007 16019 12365 15211 
1960 38062 36236 10929 9783 16132 15218 14624 15124 14333 14491 
1965 37876 33754 11283 10643 16778 15743 13129 13608 14028 14537 
1970 36690 34133 13337 11871 18044 17356 12016 12702 13318 13787 
1975 35243 32875 13784 12040 20357 19247 12878 13294 11953 12412 
1980 35943 34218 12580 10631 22110 20295 14061 14695 10938 11578 
1985 31452 29275 11408 9595 26398 21537 17915 16867 12174 12302 
ource : Tait (85). 
P^opulation of age groups (0-29) at 1940 = 116,195 and they increased 
to 131,431 by the year 1970 which gives a 13% increase. 
P^opulation of age groups (30-59) at 1940 = 88,314 and declined to 
78,150 by the year 1970 which gives an 11% decrease. 
210b 
Age group 
50-59 60-64 65 + Total Total Total 
M F M F M F Maie Female Population 
13169 12898 5648 5284 11199 11997 119,362 118,475 237,837 
12787 13160 5715 5865 13159 14756 122,280 124,664 246,944 
12505 12988 5735 6080 14237 17146 126,662 127,066 253,728 
12861 13162 5362 6062 14682 18510 125,999 128,019 254,018 
12900 13427 5687 6114 14535 19274 126,527 128,674 255,201 
12927 13517 5696 6219 14690 19573 127,538 129,182 256,710 
11994 12796 5722 6374 14836 19939 128,184 129,426 257,610 
10360 11577 5475 6377 14626 20182 129,978 127,712 257,690 
TABLE A2. Death and birth rate per 1000 population. Skunk River Basin 
1960-19703 
1960 1961 1962 1963 1964 
County BDBDBDBDBD
Hamilton 19.8 9.4 20.2 9.4 19.5 10.7 19.7 9.7 17.9 10.1 
Henry- 17.4 12.3 16.3 12.9 17.8 12.7 17.1 13.2 17.2 11.3 
Jasper 22.5 10.0 21.2 9.4 20.3 10.1 17.8 9.2 18.2 10.1 
Jefferson 21.6 12.3 21.2 10.6 19.4 9.8 18.5 12.4 20.1 11.5 
Keokuk 18.8 14.2 19.2 13.5 20.0 15.4 17.4 12.7 17.1 14.1 
Mahaska 19.0 12.6 18.7 11.4 19.4 12.0 15.8 13.0 16.1 14.0 
Marshall 22.8 11.0 20.3 10.6 21.4 11.2 21.0 11.7 20.7 11.4 
Poweshiek 22.3 11.8 18.8 10.8 19.3 9.3 18.7 12.1 18.8 11.2 
Story 25.5 7.8 26.3 8.3 25.5 7.4 23.7 7.9 23.7 7.9 
Washington 20.6 11.4 20.4 11.9 20.9 12.4 19.7 13.3 20.3 12.9 
S^ource: Iowa population trend (86) and census of population 
(1, 4, 105, 106, 107). 
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1965 1966 1967 1968 1969 1970 
B D B D B B D B D B D 
17.0 10.3 15.0 11.5 13.5 11.4 12.8 11.5 13.8 11.9 13.4 11.7 
13.3 12.5 16.1 13.3 14.6 9.8 15.7 14.1 15.6 13.7 15.3 12.2 
16.2 9.9 16.6 10.6 14.1 9.9 14.7 10.4 15.1 10.8 15.6 10.4 
16.3 10.2 16.0 11.0 17.7 10.3 15.7 12.0 15.8 11.4 16.2 11.2 
16.8 15.3 14.5 13.7 12.7 11.9 11.7 15.0 13.0 11.2 12.6 11.5 
15.3 13.3 14.5 14.2 14.4 12.3 14.2 12.8 15.3 12.6 14.7 12.6 
18.9 11.7 19.6 10.2 18.6 10.6 17.9 11.5 18.6 12.0 18.3 11.6 
16.6 11.0 16.4 11.7 15.2 9.5 13.7 11.2 17.3 12.0 16.1 11.3 
21.0 7.2 18.1 6.6 18.2 6.8 20.2 7.8 20.4 8.4 20.3 7.8 
17.9 12.3 18.5 11.8 16.5 13.4 16.5 11.9 16.5 12.0 16,5 12.1 
TABLE A3. Summary of the population fay age group over the period 1940-
1985 and labor participating forces ^  
Age groups 
Year 1-14 15-19 20-29 30-39 40-49 
Pop. Labor Pop. Labor Pop. Labor Pop. Labor Pop. Labor 
1940 56775 21921 7091 37499 23099 31540 19681 30707 19484 
1950 64743 18254 5905 38913 23970 32026 19984 27576 17497 
1960 74298 20712 6700 31350 19312 29748 18563 28824 18289 
1965 71630 21926 7106 32521 20033 26737 16684 28565 18124 
1970 70823 25208 8155 35400 21806 24718 15424 27105 17198 
1975 68118 25824 8354 39604 24396 26172 16331 24365 15460 
1980 70161 23211 7509 42405 26121 28756 17944 22516 14286 
1985 60727 21003 6794 47935 29528 34782 21704 24476 15530 
is table is based on Table A1 and Table 3.8. 
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Age groups Total Total in Ratio of 
Labor Labor Last Two 
Pop. Labor Pop. Labor Pop. labor 
26067 16761 10896 7042 23196 4806 97,964 , 87,519 .89 
25497 16395 11580 7484 27905 5782 97,017 94,082 .97 
25493 16392 11815 7636 31383 6503 93,395 98,763 1.06 
26023 16733 11424 7383 33192 6877 92,940 103,163 1.11 
26327 16928 11801 7627 33809 7005 94,143 109,634 1.16 
26444 17003 11915 7701 34263 7099 96,344 116,576 1.21 
24790 15940 12096 7818 34775 7205 96,823 121,997 1.26 
21937 14105 11852 7660 34808 7212 102,533 134,318 1.31 
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TABLE A4. Summary of major upland soils in The Skunk River Basin 
Soil association (thousands of acres) 






c u •H a cd 
o o o o 
u (0 4J CO 
u CO CO o c CO (0 Xi B 03 c s: O cd D *-4 1-4 
M u 3: H S a 
u 
o w 13 0) CO g C W) I—1 (0 o 1-4 3 c 0 U CQ 1-1 •H o o 
H a K a H-I H < 
Area 103 2 93 440 — — — 733 
Area 108 -- — 662 409 462 455 235 151 14 — 2388 
Area 109 -- - 38 37 — — 168 36 279 
Total Basin 293 440 662 409 500 492 235 151 182 36 3400 
^Source: (1) Iowa Natural Resource Council (40, pp: 59-61) and 
Figure 3, Principal upland Soil Association (40, p. 8). (2) W. D. 
Shrader, et al. Soil management groups of Iowa soils (78). 
TABLE A5, Inventory of the land within the study region by counties for the years 1958 and 1967 * 
Non-Inventory acreages 
Total Federal Urban and Small 
County Land non-crop built- water Total Inventory acres 
Acres land acres up acres 
1958 1967 1958 1967 1958 1967 1958 1967 1958 1967 
Hamilton 369 ,280 -  - 12494 13774 96 96 12590 13870 356 ,690 355 ,410 
Henry 281 ,600 10181 10687 - - 24 10181 10711 271 ,419 270 ,889 
Jasper 471 ,040 20605 12232 670 20605 12902 450 ,435 458 ,138 
Jefferson 279 ,040 55 11057 13416 23 11112 13439 267 ,928 265 ,601 
Keokuk 370 ,560 -  - -  -  - 14791 15951 14791 15951 355 ,769 354 ,609 
Mahaska 366 ,080 640 - - 12697 12957 75 107 13412 13064 352 ,668 353 ,016 
Marshall 367 ,360 - - 14890 15242 638 14890 15880 352 ,470 351 ,480 
Poweshiek 376 ,960 -  - 15564 16740 15564 16740 361 ,396 360 ,220 
Story 363 ,400 269 403 21637 24546 60 21906 25009 341 ,614 338 ,391 
Washington 363 ,520 -  - 15622 16700 - - 923 15622 17623 347 ,898 345 ,897 
Total 3,608 ,840 964 403 149538 152245 171 2541 150873 155189 3,458 ,287 3 ,453 ,651 
S^ource: Table 1. Conservation needs inventory (45, p. 5). 
TABLE A6. Land use in inventory acres for 1958 and 1967 ^  
County 
Total inventory Crop land 
1958 1967 1958 1967 
Hamilton 356,690 355,410 315,633 319,599 
Henry 271,419 270,889 185,021 196,242 
Jasper 450,435 458,138 323,580 346,061 
Jefferson 267,928 265,601 169,600 174,949 
Keokuk 355,769 354,609 258,033 262,378 
Mahaska 352,668 363,016 212,322 237,841 
Marshall 352,470 351,480 284,123 290,320 
Poweshiek 361,396 360,220 287,531 283,130 
Story 341,614 338,391 298,912 292,264 
Washington 347,898 345,897 251,006 274,000 
Total 3,458,287 3,453,651 2,585,761 2,674,804 
^Source: Table 2, Conservation needs inventory (45» p. 9). 
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Pasture Range Forest Other land 


































TABLE A7, Summary of conservation needs in the Skunk River Basin 
Conservation needs acres^ Existing soil conservation Remaining land 
practices'^ to be treated 
1 s 1 1 
tx o o CU-N a 
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o 4-> *H <u 0) > w o 4J «H <L) o X o 4J 'H (U u o U 
CJ c/1 a H m 5 
CJ 
Q o C/5 a H H M o w a H Q % tx 
Hamilton 7.9 2.0 12.5 2.9 89.0 0.7 0.4 .2 1.3 
Story 41.6 22.2 27.0 1.0 71.5 3.3 0.8 1.6 5.7 
Total 49.5 24.2 39.5 3.9 160.5 4.0 1.2 1.8 7.0 
Marshall 63.9 0.4 107.6 7.4 31.6 21.8 8.5 3.0 33.3 
Jasper 55.4 11.0 143.8 20.0 35.2 44.5 22.5 5.3 72.4 
Poweshiek 32.6 5.0 60.7 27.9 4.6 20.0 10.7 6.9 37.6 
Mahaska 38.1 4.8 96.5 20.3 14.1 20.4 3.1 4.0 27.5 
Keokuk 40.1 1.6 69.7 16.5 29.7 18.8 1.8 7.7 28.3 
Washington 41.5 6.8 18.1 3.2 13.9 22.9 1.3 3.4 27.6 
Henry 48.6 22.4 39.8 4.1 6.9 6.4 .4 3.7 10.5 
Total 320.2 52.0 536.2 99.4 136.0 154.8 48.4 34.0 237.2 
Jefferson 28.2 7.8 46.2 11.3 1.0 13.6 2.9 10.1 26.6 
Total Basin 403.9 84.0 621.9 114.6 297.5 172.4 52.5 45.9 270.8 
From this in 
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232.0 549.0 283.0 1515 
Raturai resource council (40). 
Source: 1969 Agricultural census (99). 
TABLE A8. Conservation treatment needs Forest acres, 1967 * 
Commercial Non-commercial Total Forestry 
Ade­ Need T imber Ade­ Need Ade­ Need Need 
quate estab­ stand quate Rein­ quate Rein­ Timber 
treat­ lishment improve- treat­ force­ treat­ force­ stand 
County Total ment reinforce- ments Total ment ment Total ment ment improve­
ment s ments 
Hamilton 8,900 2,425 3,475 3,000 100 80 20 9,000 2,505 3,495 3,000 
Henry 34,400 12,924 9,476 12,000 1,600 1,000 600 36,000 13,924 10,076 12,000 
Jasper 30,600 10,500 7,500 12,600 400 400 0 31,000 10,900 7,500 12,600 
Jefferson 37,000 11,194 1,806 2,400 0 0 0 37,000 11,194 1,806 24,000 
Keokuk 32,000 11,342 14,658 6,000 0 0 0 32,000 11,342 14,658 6,000 
Mahaska 30,700 15,214 2.986 12,500 300 100 200 31,000 15,314 3,186 12,500 
Marshall 13,800 5,438 3,362 5,000 200 0 200 14,000 5,438 3,562 5,000 
Poweshiek 17,000 6,517 5,483 5,000 0 0 0 17,000 6,517 5,483 5,000 
Story 12,800 7,800 4,000 1,000 200 0 200 13,000 7,800 4,200 1,000 
Washington 35,700 9,304 6,316 20,080 1,300 1,300 0 37,000 10,604 6,316 20,080 
Total 252,900 92,658 59,062 101,180 4,100 2,880 1,220 251,000 92,658 60,302 101,180 
S^ource: Table 11 Conservation needs inventory (45. p. 201). 
TABLE A9. Summary of calendar-year discharges at selected stations. Skunk River Basin, Iowa ^  


























1916 30,800 57 2,420 7.64 
1917 27,000 60 2,000 6.30 
1918 25,600 40(3) 1,470 4.64 
1919 21,400 27 2,600 8.21 
1920 24,300 73 2,280 7.25 
1921 11,500 252 1,740 5.49 2,910 1.5 143 6.16 
1922 10,100 90 1,520 4.79 2,420 6 89.6 4.64 
1923 8,320 80 1,210 3.82 1,460 2 94.3 4.06 
1924 26,000 210 2,520 7.95 2,440 10 (3) , 195 8.43 
1925 12,000 62 1,170 3.68 394 2 36.1 1.54 
1926 30,100 137 3,560 11.20 2,850 1 119 5.11 
1927 23,400 75 2,720 8.59 
1928 25,000 250 3,180 10.03 
1929 26,000 218 2,960 9.34 
1930 43,300 20 1,480 4.66 
1931 17,600 30 1,860 5.85 
1932 18,700 270(3) 3,030 9.60 
1933 19,200 20 1,693 5.33 
1934 3,740 7 230 .74 420 0 20.5 .88 
1935 16,300 60 2,326 7.33 2,790 5.7 . 173 7.46 
1936 15,000 52 1,543 
1937 18,700 16 1,857 
1938 17,600 50 1,789 
1939 27,400 27 1,549 
1940 9,450 13 702 
1941 10,500 102 1,859 
1942 11,000 236 2,035 
1943 29,200 310 3,037 
1944 43,800 205 3,797 
1945 19,800 238 2,953 
1946 30,500 339 3,760 
1947 28,700 101 4,219 
1948 25,000 64 1,810 
1949 14,000 38 1,742 
1950 27,900 34 1,809 
1951 22,800 36 3,694 
1952 18,700 60 2,483 
1953 15,200 30 1,459 
1954 9,370 16 1,223 
1955 17,000 18 1,187 
Maximum record 43,800 339 4,219 
Minimum record 3,740 7 230 
^Source: Iowa Natural Resource Council (40, 
4.87 2,520 0.18 93.5 4.03 
5.83 2,000 0.20 71.8 3.10 
5.64 2,360 0.15 117 5.06 
4.89 2,420 0.21 64.9 2.78 
2.21 1,000 0.10 53.8 2.31 
5.86 1,290 1.9 139 6.00 
6.42 1,850 20 219 9.43 
9.58 3,180 22 189 8.15 
12.02 5,650 11 282 12.19 
9.32 3,070 2.0 223 9.59 
11.84 1,460 4.0 123 5.30 
13.30 5,450 1.6 259 11.14 
5.72 2,180 0.3 91.0 3.92 
5.50 1,700 0.3 82.4 3.56 
5.71 3,000 0.4 113 4.85 
11.65 4,600 0.7 282 12.16 
7.86 1,360 1.0 124 5.38 
4.62 834 0 73.1 3.15 
3.86 5,760 0 187 8.03 
3.73 900 0 52.3 2.25 
13.3 5,760(4) 22 282 12.19 
.74 394 0 20.5 .88 
p. 21). 
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TABLE AlO. Water and sediment yield summary of Treynor, Iowa watersheds  ^
Annual Streamflow, Sediment Yield, in 
Watershed Précipita- in inches tons per acre 
Year number tion in Sheet-
inches Base Surface Total rill Gully Total 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 
1964 1 35 .61 1.92 4 .56 6 .48 25.0* 9.0* 34.0 
2 35 .16 2.15 4 .02 6 .17 25.0* 4.0* 29.0. 
3 33 .49 2.36 0 .42 2 .78 0.3 0.6 0.9; 
4 34 .80 5.66 0 .80 6 .46 0.7 0.1 0.8 
5 35 .84 2.55 1 .40 3 .95 c 
1965 1 45 .35 3.56 10 .62 14 .18 44.0 15.6 59.6 
2 44 .34 2.97 10 .68 13 .65 36.4 8.0 44.4 
3 44 .28 4.62 4 .60 9 .22 0.4* 0.8 1.2 
4 44 .87 10.56 2 .51 13 .07 0.9 0.1 1.0 
5 44 .18 7.40 3 .99 11 .39 
1966 1 20 .32 2.54 0, .65 3, .19 6.7 1.2 7.9 
2 20, .53 2.40 0. 88 3, .28 8.6 2.1, 10.7 
3 22 .01 2.54 0. 38 2, .92 0.1* 0.1 0.2 
4 21. 88 5.91 0. 19 6. 10 0.6 0.1 0.7 
5 20. 49 3.84 0, .25 4. 09 
1967 1 38. .25 2.27 11, .57 13. 84 99.1 19.4 118.5 
2 37. 61 2.50 10, .45 12. 95 75.2 16.4 91.6 
3 34. 23 3.30 2. 65 5. ,95 0.6 1.1. 1.7 
4 34. ,55 7.28 0, ,73 8, ,01 2.9 -0.2^ 2.7 
5 34, ,34 5.23 3. ,13 8, ,35 
1968 1 32. .30 1.67 1. ,15 2, ,82 3.7 1.4 5.1 
2 32, ,50 1.82 1. ,13 2. ,95 4.1 0.5 4.6 
3 31. 10 1.59 1. 02 2. 61 0.2 0.1 0.3 
4 32. ,18 4.23 0. 12 4. 35 0.3 0.0 0.3 
5 27. ,03 1.57 0. 31 1. 88 
1969 1 31. 42 3.18 2. 53 5. 71 1.8 1.6 3.4 
2 31. 54 2.97 2. 35 5. 32 1.0 0.7 1.7 
3 30. 64 3.29 1. 73 5. 02 0.1 0.2 0.3 
4 30. 70 6.11 0. 27 6. 38 0.1 0.0 0.1 
5 30. 13 4.18 1. 02 5. 20 
Average 1 33. 88 2.52 5. 18 7. 70 30.0 8.0 38.1 
(1964-69) 2 33. 61 2.47 4. 92 7. 39 25.0 5.3 30.3 
3 32. 63 2.95 1. 80 4. 75 0.3 0.5 0.8 
4 33. 16 6.63 0. 77 7. 40 0.9 0.0 0.9 
5 32. 00 4.13 1. 68 5. 81 c 
^Source; Saxton (75 , p. 1839) Table 2. 
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APPENDIX B. 
RESULTS OF OPTIMIZAIION 
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SECTION ONE 
Example of how much we need to increase storage capacity of upstream 
lands to reduce peak flow. 
Location of the discharge near Ames 
Drainage area =315 square miles 
Maximum rainfall =5.9 inches during 1954 (Table 6.11) where the 
planner is concerned with how much of the peak flow resulted from this 
storm can be reduced to zero flood level. 
The Corps of Engineers estimation of minimum discharge for zero 
flood damages at this location = 3490 but according to Dr. Dougal (see 
note on Table 6,12) this minimum can be raised by 1500 cfs. so it will 
be 3450 + 1500 = 4590 cfs or 4600 cfs approximately. 
The potential flow from 5.9 inches rainfall can be calculated as: 
The area =319 x 640 = 204,000 acres 
one inch rainfall on one acre = = 3630 ft^ 
3 
therefore 5.9 inch rainfall on one acre = 3630 x 5-9 = 21,417 ft 
total volume of water on the area above 
3 
The location = 204,000 x 21,417 = 4369 million ft 
3 
one c.f.s. = 86,400 ft /day = 24 hours x 3600 seconds/hrs. 
Actual recorded flow for 12 hours = 9260 c.f.s. 
Total quantity (maximum transported by the stream during 24 hour of 
3 
peak flow = 24 x 3600 x 9260 = 800 million ft 
This implies that out of potential quantity of water = 4369 million 
3 3 
ft falling on this portion of the basin only 800 million ft passed 
during that day through the stream. 
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In other words, only ^^ 4^ 369°°^  = 18.3% 
This implies that if the rainfall was evenly distributed then from 
the potential quantity of this rainfall intensity only 18.3% will reach 
the stream. 
If the above relation is correct this means that almost 82 percent 
of the rain was lost through evaporation, deep percolation or was held 
by the soil in the form of surface, storage or gravity water. 
But this is a high percentage to account for, and suggest that rain­
fall has various intensity at different locations and that what can be 
the cause of deviation between actual and potential flow. 
Assuming that the minimum flow of zero flood damage is 4600 c.f.s. 
and consider the flood hydrograph (Figure 6.3c) as a representative of 
flood duration then what we need actually to store 9260 - 4600 = 4660 
c.f.s. for 12 hours only. This means that there is a need to store on 
the upstream land, an amount of water equal to 4660 x 12 hours x 3600 
3 
seconds = 201 million ft or 4400 acre ft. 
If terraces were planned to combine local cut and fill with tile 
outlets it will be possible to store 1,2 inches on the terraced land and 
3 
since 1 inch per acre = 3630 ft then 1.2 inches storage = 1.2 x 3630 = 
3 4356 ft , or exactly 0.1 acre foot per acre. 
From the survey of soil conservation need it was found that there 
are 71,000 acres above this location that need soil conservation prac­
tices, where it is possible to increase water storage for one day. 
Then the total water quantity that can be stored equals 
71,000 acres x 0.1 = 7100 acre ft of water. 
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This is almost 1.6 times what is needed to reduce flood damages 
or In other words this procedure can reduce with construction cost less 
than 1.5 million dollars^ the need for big Ames reservoir estimated by 
the Corps of Engineers at more than 19 million dollars cost. Furthermore, 
the water quality as a result of this procedure will be higher because of 
less sediments in the flowing water and along with it less chemicals 
usually carried by soil sediments. 
The same procedure can be applied for any subdrainage area along 
the Skunk River Basin to determine how should we plan terraces to store 
the excess water for maximum one day and minimized flood damages. 
An excellent example of basin construction is found in the Wasatch 
Mountains of Utah, above the city of Farmington. 
The structural method adopted to reduce surface runoff was that of 
covering the hillsides with shallow contour trenches designed to hold in 
place up to an inch and a half of rainfall. 
The results obtained by this procedure should encourage further 
studies on how much cut and fill, how much moisture can be stored for 
a short period with no negative effect on crops and if there is a de­
crease in yields how much this will be in dollar terms. 
This assumes that cost of constructing terraces and one acre of 
terraces equivalent can be as high as $200 per acre, while actually the 
estimated cost in this study is $75/acre. 
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TABLE Bl. Activities in the agricultural sector 
Grain corn activities 
POl, POOl, POOOl. POOOOl 
Grain corn growing and harvesting activity for the years 1970, 1975, 1980, 
1985, respectively. 
The activity requires 40 acres class I land where soil erosion and 
damages to society can be ignored. (Not important). 
P02, P002, P0002, P00002 
Grain corn growing and harvesting activity on class II land that needs 
contours or strip cropping to reduce erosion. 1970-1985. 
This activity assumes that the fanner will continue fanning without 
any soil conservation measures. 
P03, P003, P0003, P00003 
Grain corn growing and harvesting on class II land but the activity 
was charged by the level of damage cost to the society. 
P04, P004, P0004, P00004 
Grain corn growing and harvesting on class II land but the activity 
assumes that the society force the producer to construct soil 
conservation practices to eliminate erosion and damage to society. 
P05, P005, P0005, P00005 
Grain corn growing and harvesting on class III land. 
This activity produced erosion and damage to society. 
P06, P006, P0006, P00006 
Grain com growing and harvesting on class III land but the society 
charged the producer to compensate the society for the damage that 
his activity produced. 
P07, P007. P0007. P00007 
Grain corn growing and harvesting on class III land but the producer is 
forced to construct soil conservation practices "terraces" to eliminate 
erosion and damage to society. 
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TABLE Bl. Continued 
P08, P008, P0008, P00008 
Grain corn growing and harvesting on class III land but the activity-
assumes that the society will pay the cost of constructing soil 
conservation practices, 
P09. P009, P0009, P00009 
Grain corn growing and harvesting on class III land where the society 
shares 50% of the soil conservation practices costs on the field. 
PIO. POlO, POOlO, POOOlO 
Grain com growing and harvesting or; class III land where the society's 
share in soil conservation costs equal 75%. 
Pll, POll, POOll. POOOll 
Grain com growing and harvesting on class IV land that has drainage 
problems but without drainage facilities. 
P12. P012, POO12, POOP12 
Grain corn growing and harvesting on class IV land after constructing 
drainage facilities by the producer. 
?13a, P013a. POO13a, POOOlSa 
Grain corn siling activity. Unit is 1000 bushels and according to the 
expected price at the given year. 
Corn silage activities 
P14, P014, P0Q14, P00014 
Com silage growing and harvesting on class I land for the years 1970, 
1975, 1980, 1985. 
The activity requires 40 acres class I land. Soil erosion and 
damages to society can be ignored. 
P15, P015, POO15. P00015 
Corn silage growing and harvesting activity on class II land which re­
quires contouring or strip cropping but the farmer did not construct 
these soil conservation practices, and thus produced damage and soil 
erosion. 
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TABLE Bl. Continued 
P16, P016, P0016, P00016 
Corn silage growing and harvesting on class II land, but the activity 
was charged to pay the cost of damages to society. 
P17. P017, P0017, P00017 
Corn silage growing and harvesting on class II land but the society 
forced the farmer to construct contours on his farm. 
P18. P018, P0018, PbODlS 
Corn silage growing and harvesting on class III land without any treat­
ment to reduce soil erosion and society costs. 
P19, PQ19. P0019, P00019 
Corn silage growing and harvesting on class III land with no treatment 
but the society charged the producer by the level of damages done to 
the society. 
P20, P020. P0020, P00020 
Corn silage growing and harvesting on clasç III land but the society 
forced the producer to construct soil conservation practices to reduce 
damages and soil erosion. 
P21, P021, PQ021, P00021 
Corn silage growing and harvesting on class III land where the society 
pays for the construction of terraces. 
P22, P022, PQ022, P00022 
Corn silage growing and harvesting on class III land where the society 
shares 507=, of the construction cost. 
P23, P023, P0023. P00023 
Corn silage growing and harvesting on class III land where the society 
shares 75% of the construction cost. 
P24. P024, P0Q24. P00024 
Corn silage growing and harvesting on class IV land with drainage 
problems but without facilities. 
P25, P025, P0025, P00025 
Corn silage growing and harvesting on class IV land but after the 
construction of drainage facilities by the farmer. 
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TABLE Bl. Continued 
Oat activities 
P27, P027. P0027. P00027 
O.MMM crop rotation. 
The activity involved growing, harvesting and selling of oat and 
growing and harvesting of meadow for hay production. The activity 
requires 40 acres of class V land with no soil conservation 
treatment. 
P28, 2028. P0028, P00028 
Oat growing, harvesting and selling on class I land. 
P29. P029. P0029. P00029 
Oat growing, harvesting and selling on class II land but with no 
treatment for erosion control. 
P30, P030. PG030, P00030 
Oat growing, harvesting and selling on class II land but the activity 
was charged by the level of damage to society. 
P31, P031, P0031, POO031 
Oat growing, harvesting and selling activity after forcing the producer 
to construct î;he needed soil conservation practices. 
P32. P032. P0032, P0Q032 
Oat growing, harvesting and selling activity with no treatments to 
control soil erosion on class III land. 
P33. P033. P0033, P00033 
Oat growing, harvesting and selling activity with no treatments to control 
soil erosion but the activity is charged to pay the level of damages 
dope to the society. 
P34, P034. P0034, P00034 
Oat growing, harvesting and selling activities on class III land where 
the society forced the producer to construct soil conservation practices. 
P35. P035, P0035. P00035 
Oat growing, harvesting and selling on class III land where the society 
pays the cost of constructing soil conservation practices. 
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TABLE Bl. Continued 
P36, P036, P0036. P00036 
Oat growing, harvesting and selling activity on class III land where 
the society pays 50% of the cost. 
P37, P037, P0037, P00037 
Oat growing, harvesting and selling activity on class III land where the 
society shares 75% of the cost. 
P38. P038, P0038, P00038 
Oat growing, harvesting and selling on class IV land with no treatment 
for drainage problems, 
P39. P039, B9039, P00039 
Oat growing, harvesting and selling on class IV land after the con­
struction of drainage facilities. 
Soybean activities 
P41, P041, P0041. P00041 
Soybean growing, harvesting and selling activity on class I land. 
P42, P042. P0042. P00042 
Soybean growing, harvesting and selling activity on class II land with 
no treatment to reduce erosion damage. 
P43, P043. P0043. P00043 
Soybean grot^ing, harvesting and selling on class II land after charging 
the activity according to the level of damage done to society. 
P44, P044. P0044. P00044 
Soybean growing, harvesting and selling on class II land after the 
society forced the producer to construct the needed soil conservation 
practices. 
P45. P045, PQ043, P00045 
Soybean growing, harvesting and selling on class III land with no 
treatment. 
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TABLE Bl. Continued 
P46, P046. P0046, P00046 
Soybean growing, harvesting and selling activity on class III land 
after we charge the activity with the level of damage done to the society, 
P47. P047, P0047, P00047 
Soybean growing, harvesting and selling activity on class III land after 
we force the producer to construct the needed terraces at his own 
expense. 
P48, P048, P0048, P00048 
Soybean growing, harvesting and selling activity on class III land but 
the society will pay the cost of construction, 
P49, P049, P0049, P00049 
Soybean growing, harvesting and selling activity on class III land 
where the society shares 50% of the construction cost. 
P50, P050. P0Q5O, P00050 
Soybean growing, harvesting and selling activity on class III land where 
the society shares 75% of the construction cost, 
P51. P051, P0051, PQ0051 
Soybean growing, harvesting and selling activity on class IV land with 
no treatment to improve drainage problems, 
P52, P052. P0052, P00052 
Soybean growing, harvesting and selling activity on class IV land after 
the construction of drainage facilities by the farmer. 
Hay pasture and grazing land activities 
P54, P054, P0054, POOQ54 
Rotated pasture on class V land. 
This activity assumes that pasture land can be utilized 220 days 
per acre, (growing only). 
P55, P055, P0055. P00055 
Hay alfalfa on class V land where the yields per acre assumed to be 3,2 
tons of hay. (growing and harvesting). 
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P56, P056, P0056, P00056 ' 
Mixed hay on class V land where the yield assumed to be 3.0 tons of hay 
per acre, (growing and harvesting). 
P57, P057, P0057. P00057 
Range land with adequate treatment 
This is improved grazing land where the yields in terms of 
animal grazing days = 125 days per acre, (growing only). 
P58, P058. P0058, P00058 
Range land with unadequate treatment and the yield per acre is assumed 
to be 50 animal grazing days, (growing only), 
P59, P059, P0059, P00059 
Alfalfa hay on class III land growing and harvesting. 
P60. P060. P0060. P00060 
Pasture land on class III land growing and harvesting. Crop rotation -
corn-soybeans on class III land. The following activities related to 
com-soybean crop rotation on class III land. This combination is 
more desirable by the farmers in the region over the continuous corn 
or soybean activities because of the following properties, 
(1) Farmers can utilize the available labor resources more 
efficiently because of different demand periods by these 
crops. 
(2) The farmers reduce the risk or uncertainty involved with 
one crop only, 
(3) The soybeans increase the nitrogen content of the soil on 
the average of 40 pounds/acre and thus yields are expected 
to be 8 bushels above the average yields of continuous com. 
(4) Insects and disease control is more efficient and less 
expensive with this type of crop rotation particularly "com 
root diseases" than in case of continuous corn. 
For the reasons mentioned above the crop rotation will have on the average 
$7.0/acre^ higher than the net return expected from continuous corn or 
soybeans. 
^Information was obtained from Dr. W. D. Shrader, personal communica­
tion. April, 1973. 
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P86, P086, P0086, P00086 
This is crop rotation corn-soybeans on 40 acre unit with no treatment 
for erosion control. The activity will be growing and harvesting of 
dorn plus growing, harvesting and selling of soybeans. 
Yields of corn = 100 bushels 
Yields of soybeans = 33 bushels 
Yields from the activity = (1) 2000 bushels of corn 
(2) 660 bushels of soybeans 
Cost of production = $1410 for 1970 
Value of soybean product =33x2.5x20= 1650 for 1970 
Net return of the activity = $240.00 for 1970 
P87, P087. P0087, P00087 
The same as P086 - P00087 but under this activity the society charged 
the producer with the level of damages done to the society and since 
the level of damages = $310, 
Net return of this activity = $240 - $310 = $-70 for 1970. 
P88. P088, P0088. P00088 
Under this activity the producer is forced to construct soil conserva­
tion practices on his farm. Since the cost of construction =3.5 per 
acre for 1970 or 7.4 then the cost can be 1550 or 1706 depending on the 
rate of interest. 
P89, P089, P0089. P00089 
Under this activity the society pays the cost of construction. 
P90, F090, P0090. P00090 
Under this activity the society shares 50% of the construction cost. 
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P6U P061, P0061, P00061 
Dairy cow activity on "pasture, hay, corn". 11,000 lb. grade A milk is 
sold. The unit is 40 animals. The productive life of the cow is 
assumed to be 4 years which requires 25% replacement per year. 
P62, P062, P0062, P00062 
Dairy activity but utilizing corn silage and some of the feeds under 
P61. The unit is 40 animals, and follows the same level of yields 
and replacement needs. 
P63, P063, P0063, P00063 
Beef covj - calf sold. The activity assumes 90% calf crop and 16% saved 
for replacement. 
Size of the unit = 40 cows (utilize hay, pasture and corn). 
P64, P064, P0064, P00064 
Beef cow - calf sold but under this activity we utilize various grazing 
lands assuming that cows will be 210 days on the grazing land and feed 
requirements will be considered for the period of non-grazing. 
P65, P065. P0065, P00065 
Beef cow calf fed activity. The activity assumes 90% calf production 
with 16% saved for replacement. 
Size of the unit = 40 cows. 
P66, P066, P0066, P00066 
Steer fed yearlings. The activity assumes that the producer will pur­
chase the animals at 635 lbs weight and sell them at 1150 lbs. 
Unit = 100 animals. 
P67, P067. P0067, P00067 
Steer fed calves. 
Size = 100 animals. (utilize pasture, corn and hay). 
P68, P068, P0068, P00068 
Steer fed calves with com silage in the feed requirements. 
Size = 100 animals. 
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P69, P069, P0069, P00069 
Dairy cow purchasing activity. The cost of purchasing will involve: 
(a) the cost of borrowing the capital to buy the cow at 8% 
rate of interest, 
(b) the cost of borrowing money for housing and equipment at 8% 
rate of interest per year, 
(c) the cost of the decrease in the value of the dairy cow during 
its 4 years of production. 
This will be found as: 
Price of COT-J purchased - price of cull cow sold = $. 
P70. P070, P0070, P00070 
Feeder lambs activity. This activity assumes purchasing of lambs at 
70 lbs. and selling at 100 lbs. of weight, and allowing for 1.5% to 
compensate for death loss. 
Size of the unit =250 lambs. 
P71, P071, P0Q71. P00071 
Market hogs sold. The activity assumes sow and two litters =7.5 pigs 
weaned per litter. 
Size of the unit = 70 pigs or 5 sows. 
P72. P072. P0072. P00072 
Feeder pigs sold. The activity assumes sow and 2 litters with 7.5 
pigs weaned per litter. 
Size =70 pigs or 5 sows. 
P73. P073. P0073, P00073 
Feeder pigs purchased. This activity allows 2% death loss. 
Size = 100 feeder pigs. 
P74, P074. P0074. P00074 
Commercial lay flocks. The activity assumes the productive life of the 
hen to be one year and the old birds will be salvaged at a very low 
price and new one will be purchased. 
Size of unit = 3000 birds. 
P75, P075, P0075, P00075 
Turkey activity. The activity assumes purchasing the pullets and feeding 
them to increase the weight up to 19 lbs/bird on the average. The 
activity allows for 10% death loss. 
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P79, P079, P0079, P00079 
Labor hiring activity in the agricultural sector. The activity is added 
to allow increase in the labor units available if the region expands in 
some activities that are labor intensive. The wages per year will be 
the expected wages for the year under consideration. 
The unit is one year man work. 
P80, P080, P0080, P00080 
Ewe and lamb activities. (Spring lambs). The activity assumes 110% 
lamb crop production and that replacement is purchased. The activity 
assumes the productive life of one ewe is 4 years and thus replacement 
per year = 25% of the size. 
Unit = 120 animals. 
P81. P081, P0081, P00081 
Purchasing of one ewe activity beyond what is needed for replacement. 
The cost of this activity involves: 
(a) cost of borrowing money to purchase the ewe at 8% interest 
rate. 
(b) cost of borrowing money for housing and equipment at 8% 
interest rate. 
(c) cost of borrowing money to buy extra supplement feeds. 
P82, P082. P0082, P00082 
Commercial laying eggs purchasing activity. 
Unit of purchase = 1000 birds. 
The cost of the activity involves: 
(a) the cost of borrowing money to purchase the hens at 8% 
interest rate. 
(b) the cost of borrowing money to add more housing, equipment and 
extra supplement feed at 8% interest rate. 
P83, P083, P0083, P00083 
Purchasing of beef cow activity. The cost of the activity involves: 
(a) cost of borrowing money at 8% interest rate to pay for the cow, 
equipment, housing and extra supplement feed. 
P84, P084. P0084. P00084 
Purchasing of steers calves choice activity. The cost involves: 
(a) the cost of borrowing money at 8% interest rate to purchase the 
steers, needed equipment, housing facilities and supplement feed. 
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P85. P085, P0085. P00085 
Heifers fed/choice calves 
Size = 100 animals 
This activity assumes buying the heifers at 450 lbs. weight and selling 
at 870 lbs. This allows 1.5% for death loss. 
P91. P091, P0091, P00091 
Ewe and lamb utilizing grazing land. 
Size = 120 animals. 
This activity assumes that sheep will utilize grazing land during 150 
days per year and by assuming that feed requirement per sheep on grazing 
land is 1/5 of animal grazing unit. Then grazing days required per 
sheep equals 30 animal grazing units. 
P92, P092, P0092, P00092 
Turkey purchasing activity. The activity involves purchasing of 1100 
pullets and the cost of borrowing money to provide also for needed equip­
ment and housing facilities and supplement feed at 8% interest rate. 
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PlOl, PO101, POOlOl, POOOlOl 
Food and kindred products. (Major group industry 20) 
P105, P0105, P00105, P000105 
Apparel and related products. (Major group industry 23) 
PI10, POllO, POOllO, POOOllO 
Lumber and related products. (Major group industry 24) 
PI15, P0115, P00115. P000115 
Furniture and fixtures. (Major group industry 25) 
PI20, P0120, P00120, P000120 
Pulp paper and products. (Major group industry 26) 
P125, P0125, POO125, P000125 
Printing and publishing. (Major group industry 27) 
P130, P0130, POO130, P000130 
Chemicals and products related. (Major group industry 28) 
P135, P0135, P00135, P000135 
Petroleum and coal products. (Major group industry 29) 
P140, PQ140, POO140, P000140 
Leather and leather goods. (Major group industry 31) 
P145, P0145, P00145, P000145 
Stone, clay and glass products. (Major group industry 32) 
P150, P0150. P00150, P000150 
Primary metal industry. (Major group industry 33) 
P155, P0155, P00155, P000155 
Fabricated metal products. (Major group industry 34) 
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P160, P0160. P00160, P000160 
Machinery except electrical. (Major group industry 35) 
P165, P0165, P00165, P000165 
Electrical machinery. (Major group industry 36) 
P170, P0170, P00170, P000170 
Transportation equipment. (Major group industry 37) 
P175, P0175, P00175, P000175 
Instruments and related products. (Major group industry 38) 
P180, P0180, P00180, P000180 
Miscellaneous manufactures. (Major group industry 39) 
TABLlî B4. Distribution of establishments by industries and scale for the years below 
Indus- Scale A Scale B Scale C Scale D 
1970 Ï975 1980 1985 1970 1975 1980 1985 1970 1975 1980 Î985 1970 19Ï5 1980 1985 
20 68 58 49 35 17 17 18 18+ 9 9 9 9 3 3 3 3 
23 4 4 4 4 3 3 3 3 2 2 2 2 
24 19 18 17 15 1 1 1 1 
25 12 11 10 8 3 3 3 3 1 1 1 1 
26 1 1 1 1 0 0 
27 82 83 84 86 21 21 21 21 3 3 4 4 1 1 1 1 
28 44 39 33 22 2 2 2 2 1 1 1 1 
31 4 5 6 9 1 1 1 1 1 1 1 1 
32 45 60 75 90 4 4 5 5 1 1 2 2 
33 8 9 9 9 3 3 3 3 5 5 6 7 5 5 5 5 
34 34 33 32 30 5 6 7 9 2 2 2 2 11 14 15 16 
35 48 62 76 97 8 8 9 11 8 9 11 13 5 5 6 7 
36 2 2 3 3 2 2 2 2 7 7 7 7 
37 13 15 17 21 5 5 6 6+ 1 1 2 2 5 5 6 6 
38 4 6 8 12 0 1 1 1 1 
39 28 27 24 22 3 3 3 3 4 4 3 3 1 1 1 1 
TABLE B4. Continued 
Indus- Scale E Scale F Scale G 










33 3 4 4 4 
34 
35 4 4 4 4 




38 2 2 2 2 1 1 


































Average employment by establishment scale: Total employment in 
each scale 
SCALE A 
1970 1975 1980 1985 
Average Total Average Total Average Total Average Total 
5.5 374.0 5.2 301.6 4.9 240.0 4.5 157.5 
3.5 66.5 3.1 55.8 2.7 45.9 2.2 33.0 
5.2 62.4 5.0 55.0 4.8 48.0 4.7 37.6 
4.4 360.8 4.1 340.3 3.8 319.0 3.4 293.0 
5.4 237.6 5.1 199.0 4.9 161.7 4.7 104.0 
5.9 23.6 5.7 28.5 5.5 33.0 5.3 47.7 
6.1 274.0 6.2 372.0 6.2 465.0 6.3 567.0 
6.9 62.1 6.9 62.1 7.0 63.0 7.0 63.0 
6.0 204.0 5.9 194.7 5.7 182.4 5.5 165.0 
5.4 259.2 5.1 316.2 4.9 372.4 4.6 446.0 
5.3 10.6 5.0 10.0 4.7 14.1 4.4 13.2 
4.7 61.1 4.3 64.5 3.8 64.6 4.5 94.5 
5.2 20.8 5.0 30.0 4.7 37.6 4.4 52.8 
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TABLE B5. Continued 
SCALE E 
1970 1975 1980 1985 
Industry Average Total Average Total Average Total Average Total 
23 259.0 518.0 258.0 516.0 258.0 774.0 257.0 771.0 
27 308.0 308.0 308.0 308.0 308.0 308.0 309.0 309.0 
33 307.0 921.0 307.0 1228.0 307.0 1228.0 307.0 1228.0 
35 310.0 1240.0 310.0 1240.0 310.0 1240.0 310.0 1240.0 
35 308.0 308.0 308.0 308.0 308.0 616.0 308.0 616.0 
















38 600.0 1200.0 600.0 1200.0 590.0 1180.0 585.0 1170.0 
39 
23 9d 
TABLE B5. Continued 
SCALE G 
1970 1975 1980 1985 











34 1260.0 3780. 0 1270.0 3810. ,0 1275.0 3825 .0 1280.0 3840 
35 
36 1600.0 3200. 0 1610.0 4830. 0 1620.0 4860 .0 1650.0 4950 
37 
38 1060.0 1060. 0 1080.0 1080. 0 1090.0 1090, .0 1120.0 1120, 
39 
Total in industry by years 
20 2,006.0 1,928.0 1,898.4 1,816.1 
23 1,162.6 1,162.8 1,425.0 1,424.1 
24 217.1 206.5 196.6 183.7 
25 426.6 429.3 413.0 398.0 
26 32.4 32.4 32.5 32.5 
27 1,670.4 1,652.1 1,699.6 1,717.2 
28 454.2 416.2 379.1 357.2 
31 215.5 220.4 224.9 239.6 
32 547.6 643.3 911.0 1,008.6 
33 2,227.9 2,530.9 2,600.2 2,666.7 
34 5,970.8 6,470.1 6,649.3 6,856.0 
35 3,073.2 3,195.2 3,571.7 3,994.3 
36 4,682.5 6,311.7 6,654.0 6,743.1 
37 1,037.5 1,025.4 1,251.6 1,271.3 
38 2,438.0 2,467.2 2,464.8 2,500.0 
39 947.4 947.7 1,158.6 1,144.8 
Totals 27,109.7 29,639.3 31,465.4 32,353.2 
TABLE B6. Average value added by establishment scale. S (000) 
idus-
;ry 
Scale A Scale B Scale C Scale D 
1970 1975 1980 1985 1970 1975 1980 1985 1970 1975 1980 1985 1970 1975 1980 1985 
20 82.9 95.4 107.0 116.0 496 581 666 750 659 824 989 1164 1546 1940 2330 2710 
23 270 315 360 405 531 601 641 667 1111 1165 1215 1260 
24 35.5 40.0 44.0 58.0 1476 1575 1670 1745 
25 56.0 64.0 72.0 80.0 709 799 824 900 1630 1760 1850 1940 
26 399 456 513 569 
27 61.2 68.7 75.0 83.0 377 425 473 521 902 1017 1132 1246 2341 2650 2961 3220 
28 145.0 160.0 175.0 189.0 807 947 1067 1130 4370 5100 5800 6550 
31 67.0 77.0 87.0 96.5 273 312 351 389 1298 1413 1460 1600 
32 94.0 101.0 110.0 120 435 480 527 562 2329 2506 2606 3060 
33 110.0 118.0 146.0 164.5 503 588 623 716 1097 1274 1351 1625 2410 2505 2600 2704 
34 84.0 90.0 108. 119.5 412 428 504 529 954 1000 1118 1248 1700 1816 2600 2640 
35 51.0 60.0 72.0 81.0 442 483 504 564 1037 1177 1317 1365 2370 2675 2720 2870 
36 75.0 84.0 93.0 102.0 415 476 540 605 1835 2303 2670 2930 
37 58.6 64.0 70.0 76.0 384 434 484 534 924 1050 1175 1298 1882 2085 2285 2480 
38 77.8 88.0 99.0 109 2170 2470 2775 3075 
39 59.5 67.0 74.0 81.0 328 373 415 459 720 834 927 987 1706 1940 2173 2406 
TABLE B6. Continued 
T , Scale E Scale F Scale G 
Indus-
1970 1975 1980 1985 1970 1975 1980 1985 1970 1975 1980 1985 
20 








33 4900 5530 6020 6200 
34 21,575 22,450 23,675 24,000 
35 5012 5250 6100 6300 
36 4030 4550 5100 5600 31,050 33,270 34,625 35,825 
37 
38 9550 10,001 10,615 11,105 21,600 26,054 28,789 31,725 
39 3750 4280 4800 5260 
TABLE B7. Average extra labor cost per year for the period 1970 - 1985 under two assumptions 
Extra Labor Cost 
Average 
extra cost % Extra labor cost/year Extra labor cost/year 
of payroll Assumption one Assumption two 
for —— 
Industry 1969-70 1970 1975 1980 1985 1970 1975 1980 1985 
20 .13 990.4 1088.6 1176.8 1234.8 1306.4 1412.2 1481.8 
23 .10 459.4 486.2 512.9 525.3 583.4 615.5 630.4 
24 .12 733.1 767.9 812.0 830.6 921.5 974.0 996.7 
25 .11 702.0 734.4 777.6 794.9 881.3 950.0 953.9 
26 .13 1017.0 1077.5 1130.0 1155.0 1293.0 1356.0 1186.0 
27 .10 814.8 864.3 904.0 925.4 1037.1 1084.0 1110.4 
28 .14 1030.9 1115.2 1166.9 1188.6 1338.2 1400.3 1426.4 
31 .10 686.0 749.8 793.1 807.5 899.8 951.7 969.0 
32 .13 948.4 1011.3 1069.0 1089.9 1213.6 1282.8 1307.9 
33 .17 1332.1 1404.8 1480.9 1498.2 1685.7 1777.0 1797.8 
34 .14 937.0 1008.3 1068.6 1115.2 1210.0 1282.3 1338.2 
35 .13 1071.2 1170.0 1248.0 1297.4 1404.0 1497.6 1556.9 
36 .13 837.5 900.0 947.5 965.0 1080.0 1137.0 1158.0 
37 .17 1105.3 1203.8 1233.7 1264.1 1443.9 1480.4 1516.9 
38 .12 880.8 967.2 988.8 1032.0 1160.6 1186.6 1238.4 
39 .11 833.8 915.2 963.6 981.2 1098.2 1156.3 1177.4 
TABLE B7. Continued 
Average Total Cost 
extra cost % 
of payroll Assumption one Assumption two 
for 
Industry 1969-70 1970 1975 1980 1985 1970 1975 1980 1985 
20 .13 8,850 9,728 10,517 11,035 9,946 10,752 11,282 
23 .10 4,919 5,206 5,493 5,695 5,303 5,595 5,730 
24 .12 7,053 7,388 7,812 7,991 7,541 7,974 8,157 
25 .11 7,202 7,534 7,845 8,155 7,681 8,007 8,314 
26 .13 9,157 9,697 10,170 10,395 9,913 10,396 10,626 
27 .10 9,214 9,774 10,224 10,465 9,947 10,405 10,650 
28 .14 8,610 9,315 9,747 9,929 9,538 9,980 10,166 
31 .10 7,346 8,030 8,493 8,647 8,180 8,652 8,809 
32 .13 8,188 8,731 9,229 9,410 8,934 9,433 9,628 
33 .17 9,032 9,525 10,041 10,158 9,806 10,337 10,458 
34 .14 7,777 8,368 8,869 9,255 8,570 9,082 9,478 
35 .13 9,311 10,170 10,848 11,277 10,404 11,098 11,537 
36 .13 7,537 8,100 8,527 8,685 8,280 8,717 8,878 
37 .17 7,645 8,323 8,534 8,744 8,564 8,780 8,997 
38 .12 8,221 9,027 9,229 9,632 9,221 9,426 9,838 
39 .11 8,414 9,235 9,724 9,901 9,418 9,916 10,097 
TABLE B8. Industry profile ^ 
Gross book Total capital Total theoretical Gross book 
value of expenditures gross book value value of 
depreciable for the of assets if we depreciable 
assets period ignore depreciation assets actual 
Dec. 1964 1965-1970 Dec. 1970 $(000,000) Dec. 1970 
Industry $ (000,000) Millions $ Capital accumulated $ (000,000) 
20 17,381.7 10,697.1 28,078.8 25,281.7 
23 1,790.8 1,473.8 3,264.6 2,990.1 
24 3,994.5 2,995.1 6,989.6 5,639.4 
25 1,378.8 1,144.7 2,523.5 2,307.0 
26 11,961.8 8,164.8 20,126.6 19,205.8 
27 5,955.9 4,526.5 10,482.4 9,370.0 
28 20,736.4 16,998.7 37,735.1 35,029.2 
31 580.5 375.1 955.6 802.2 
32 9,012.9 5,113.1 14,126.0 12,795.8 
33 27,223.5 16,680.4 43,903.9 41,547.2 
34^  8,349.6 6,322.2 14,893.4 14,723.7 
35 11,794.3 10,127.0 21,921,3 19,868.5 
36 8,314.7 8,744.7 17,059.4 14,813.3 
37 13,068.2 10,536.5 23,604.7 19,668.6 
38 2,070.2 2,152.2 4,222.4 3,879.4 
39 1,579.6 1,312.9 2,892.5 2,534.7 
S^ource: Annual survey of manufacturers - Gross book value of fixed 
assets, and rental payments, 1964. 
T^he numbers are based on 1962 gross book value. 
242b 
Total Total value 
depreciation added by Deprecia-
over the the industries tion 
period 
1965-1970 1965-1970 
$ (000,000) millions $ 
Total value Total assets 
Assets added in the in the 
per industry basin 
$ 1000 industry 
value $ (000) 
added basis $ (000) 
2,797.1 165,179.5 10.8 170. 24,638.2 4188.5 
274.5 61,996.0 4.4 52.4 9,613.8 503 .8 
1,350.2 32,271.0 41.8 216.5 2,150.0 465 .6 
216.5 26,236.2 8.2 96.0 4,429.0 425.2 
920.8 60,949.7 15.1 330.0 399.0 131.7 
1,112.4 89,208.9 12.4 117.5 22,892.4 2690.0 
2,705.9 148,898.0 18.1 253.4 12,364.0 3133.0 
153.4 16,065.3 9.5 59.4 1,839.0 109.2 
1,330.2 53,869.9 24.8 262.0 8,299.0 2174.0 
2,356.7 123,933.9 19.0 354.0 34,707.0 12286.3 
669.7 133,368.0 5.0 112.0 90,250.0 10108.0 
2,052.8 169,994.0 12.0 128.0 46,178.0 5910.8 
2,246.1 151,130-0 14.8 113.0 79,955.0 9034.9 
3,936.1 181,103.7 21.6 130.0 13,016.8 1692.2 
343.0 39,395.6 8.7 107.0 43,181.8 4620.5 
357.8 28,790.3 12.4 100.4 10,807.5 1085.1 
TABLE B9. Water intake gallons per $1000 value added in current money 
compared to water intake in discharge per $1000 value added 
in real money 
Water intake Water discharge 
Major current money current money 
Group 
Industry 1954 1958 1964 1968 1954 1958 1964 1968 
20 45,969 33,303 32,967 28,757 41,044 30,474 29,844 26,700 
23 1,943 1,501 1,225 896 1,748 1,351 1,103 806 
24 41,714 37,150 34,594 20,235 34,186 33,435 28,179 15,948 
25 3,560 1,149 930 873 2,034 766 930 873 
26 389,880 300,412 265,319 214,660 353,642 282,887 249,433 198,074 
27 2,075 1,493 1,161 840 1,916 1,493 1,162 840 
28 284,320 227,733 202,861 171,377 270,024 215,151 191,069 159,863 
31 12,214 5,658 7,065 5,493 10,993 5,658 7,065 5,149 
32 73,004 38,736 33,232 27,192 66,462 40,742 29,228 23,617 
33 394,181 271,505 274,256 237,916 377,765 260,431 258,321 223,228 
34 14,876 4,213 4,491 3,479 13,428 3,925 4,176 3,326 
35 9,239 11,756 7,733 6,585 8,591 11,344 7,339 6,306 
36 15,399 7,419 5,910 4,768 12,157 7,021 5,122 4,430 
37 16,588 14,704 10,365 9,409 18,439 12,951 9,945 8,808 
38 8,926 6,514 6,722 5,525 8,456 6,231 6,026 5,234 








1954 1958 1964 1968 1954 1958 1964 1968 
45,969 35,967 35,604 33,617 41,044 38,844 32,261 39,298 
1,943 1,621 1,323 1,047 1,748 1,751 1,430 1,244 
41,714 40,122 37,362 23,655 34,186 43,332 40,388 27,653 
3,560 1,241 1,004 1,021 2,034 1,340 1,085 1,194 
389,880 324,445 286,545 250,938 353,642 350,400 309,755 293,347 
2,075 1,612 1,254 982 1,916 1,740 1,356 1,148 
284,320 245,952 219,090 200,340 270,024 265,628 236,836 234,197 
12,214 6,111 7,630 6,421 10,993 6,600 8,248 7,506 
73,004 41,835 35,891 31,787 66,462 45,182 38,798 37,159 
394,181 293,225 296,196 278,124 377,765 316,683 320,188 325,127 
14,876 4,550 4,850 4,067 13,428 4,914 5,243 4,754 
9,239 12,696 8,352 7,698 8,591 13,712 9,029 8,999 
15,399 8,013 6,383 5,574 12,157 8,654 6,900 6,516 
16,588 15,880 11,194 10,999 18,439 17,150 12,101 12,858 
8,926 7,035 7,260 6,459 8,456 7,598 7,848 7,551 





















Net return of industrial activities assumptions one and two for Labor, extra cost and 
labor requirements as found in the basin 
1970 1975 
Labor Extra Labor Extra Cost Net Return 
required labor Depre- required Assump- Assump- Depre- or C„ or 
man cost ciation Net man tion tion ciation  ^  ^
year $ $ return year one two 2 4 
.081 80.0 10.8 909.2 .067 72.9 87.5 10.8 916.3 901.7 
.119 54.7 4.4 940.9 .113 54.9 65.9 4.4 940.7 929.7 
.101 74.0 41.8 884.2 .089 68.3 82.0 41.8 889.9 876.2 
.096 67.4 8.2 924.4 .088 64.6 77.6 8.2 927.2 914.2 
.081 82.4 15.1 902 .5 .075 80.8 97.0 15.1 904.1 887.9 
.072 58.7 12.4 928.9 .063 54.4 65.3 12.4 933.2 922.3 
.037 38.1 18.1 943.8 .031 34.6 41.5 18.1 947.3 940.4 
.117 80.3 9.5 910.2 .104 78.0 93.6 9.5 912.5 896.9 
.065 61.6 24.8 913.6 .050 59.7 71.6 24.8 915.5 903.6 
.064 85.3 19.0 895.7 .058 81.5 97.8 19.0 899.5 883.2 
.066 61.8 5.0 933.2 .064 64.5 77.4 5.0 930.5 917.6 
.067 71.8 12.0 916.2 .061 71.4 85.6 12.0 916.6 902.4 
.058 48.6 14.8 936.6 .052 46.8 56.1 14.8 938.4 929.1 
.079 87.3 21.6 891.1 .070 84.2 101.0 21.6 894.2 877.4 
.056 49.3 8.7 942.0 .050 48.4 58.0 8.7 942.9 933.3 
.087 72.5 12.4 915.1 .077 70.5 84.6 12.4 917.1 903.0 
TABLE BIO, Continued 
1980 
Labor Extra Cost Net Return 
Major required Assump- Assump- Depre- C^ or C^ or 
Group man tion tion ciation ^ ^ 
Industry year one two 2 4 
20 .056 65.9 79.0 10.8 923.3 910.2 
23 .106 54.4 65.2 4.4 941.2 930.4 
24 .079 64.1 76.9 41.8 894.1 881.3 
25 .081 63.0 76.8 8.2 928.8 915.0 
26 .063 71.2 85.4 15.1 913.7 899.5 
27 .056 50.6 60.7 12.4 937.0 926.9 
28 .028 32.7 39.2 18.1 949.2 942.7 
31 .098 77.7 93.3 9.5 912.8 897.2 
32 .054 58.9 70.6 24.8 916.3 904.6 
33 .053 78.5 94.2 19.0 902.5 886.8 
34 .060 64.3 76.9 5.0 930.9 918.1 
35 .054 67.4 80.9 12.0 920.6 907.1 
36 .049 46.4 55.7 14.8 938.8 929.5 
37 .062 76.5 91.8 21.6 901.9 886.6 
38 .046 45.5 54.6 8.7 945.8 936.7 
39 .066 63.6 76.3 12.4 924.0 911.3 



















C^  or Cg or 
20 .050 61.7 74.0 10.8 927.5 915.2 
23 .101 53.0 63.7 4.4 942.6 931.9 
24 .070 58.1 69.8 41.8 900.1 888.4 
25 .076 60.4 72.5 8.2 931.4 919.3 
26 .057 65.8 67.6 15.1 919.1 917.3 
27 .051 47.2 56.6 12.4 940.4 931.0 
28 .027 37.8 38.5 18.1 944.1 943.4 
31 .091 86.6 88.2 9.5 903.9 902.3 
32 .050 54.5 65.4 24.8 920.7 909.8 
33 .050 74.9 89.9 19.0 906.1 891.1 
34 .055 61.3 73.6 5.0 933.7 921.4 
35 .051 66.2 79.4 12.0 921.8 908.6 
36 .048 46.3 55.6 14.8 938.9 929.6 
37 .057 72.0 86.5 21.6 908.4 891.9 
38 .042 43.3 52.0 8.7 948.0 939.3 




















Net returns by various industries where labor requirement per $1000 value added vs. the 
United States averages for the years 1975, 1980, 1985 and the two assumptions with 
respect to extra labor cost 
1975 1980 1985 
Extra Net Return Extra cost Net return Extra cost Net Return 
Depre- labor Extra Cg 7^ C5 C7 S 
:iat ion cost cost n c Assumption r Assumption p n 
(1) (2) 6^ 8 One Two 6^ 8^ One Two 6^ ^8 
10.8 49.0 58.8 940.2 930.4 45.9 55.0 943.3 934.2 43.2 51.9 946.0 927.3 
4.4 53.5 64.2 942.1 931.4 53.3 64.0 942.3 931.6 52.5 63.0 943.1 934.4 
41.8 65.4 78.3 892.8 880.9 61.7 74.0 896.5 884.2 57.3 68.8 900.9 889.4 
8.2 62.4 74.9 929.4 916.9 62.2 76.0 929.6 915.8 60.4 72.4 931.4 919.4 
15.1 60.3 69.4 924.6 915.5 59.9 71.9 925.0 913.0 60.0 72.0 924.9 912.9 
12.4 49.2 59.1 938.4 928.5 46.1 55.3 941.5 932.3 43.5 52.2 944.1 935.4 
18.1 31.2 37.5 950.7 944.4 30.3 36.4 951.6 945.5 28.5 34.2 953.4 947.7 
9.5 74.2 89.1 916.3 901.4 74.5 89.5 916.0 901.0 71.9 86.2 918.6 904.3 
24.8 55.6 66.8 919.6 908.4 56.7 68.0 918.5 907.2 54.5 65.4 902.7 909.8 
. 19.0 78.7 104.4 902.3 876.6 77.0 92.4 904.0 888.6 74.9 89.9 916.1 891.1 
5.0 63.5 76.2 931.5 018.8 64.1 76.9 930.9 918.1 64.6 77.6 930.4 917.4 
12.0 65.5 78.6 922.5 909.4 66.1 79.4 921.9 902.6 66.1 79.4 921.9 902.6 
14.8 54.9 65.9 930.3 919.3 54.9 65.9 930.3 919.3 54.0 64.8 931.2 920.4 
21.6 65.0 78.0 913.4 900.4 62.9 73.5 915.5 904.9 61.9 74.3 916.5 904.1 
8.7 44.5 53.4 946.8 927.9 42.5 51.0 948.8 940.3 41.3 49.5 950.0 941.8 
12.4 64.0 76.9 923.6 910.7 63.6 76.3 924.0 911.3 58.9 70.6 928.7 917.0 
TABLE B12. Summary of the results for 1970 optimal solutions 
Expansion in both 
sectors 
Combinations 
Items 1970 CB CB^  C^ B CgBg 
Aggregate income "million dollars" 587 .5 589 .1 587 .0 588 .9 
From manufacturing 389 .8 389 .9 389 .8 389 .8 
From agriculture 197 .7 199 .3 197 .2 199 .1 
Value of crop products 
(millions) 76 .9 79 .0 76 .0 79 .0 
Value of livestock products 120 .8 120 .3 120 .3 119 .1 
Total employment 43510 .0 43510 .0 43510 .0 43510 .0 
Manufacturing sector 30310 .0 30310 .0 30310 .0 30310 .0 
Agricultural sector 13200 .0 13200 .0 13200 .0 13200 .0 
Total value of assets (million 
dollars) 337 .4 336 .9 337 .4 336 .9 
Value of assets in manufactur­
ing 66, .2 66 .2 66, .2 66 .2 
Value of assets in agriculture 271, .2 270, .7 271, .2 270 .7 
Soil erosion (000) tons 1000. 0 2753, .0 1000, .0 2753, .0 
Public costs (000) dollars 800. 0 1241. 0 1601. 0 2041. 0 
Land resources (000) acres in II 232. 0 232. 0 232. 0 232. 0 
Crop production with no treat­
ment 232. 0 — 232. 0 
Force construction of contours 232. ,0 232. ,0 — 
Land resources (000) acres in III 549. ,0 549. ,0 549. 0 549. ,0 
100% public finance of costs 466. ,5 466. ,5 466. 5 466. .5 
Utilization for pasture (000) 
acres 91. 7 91. 7 91. 7 91. 7 
Total class IV recommended to be 
drained 283. 0 283. 0 283. 0 283. 0 
Land resource (000) acres in V 374. 0 374. 0 374. 0 374. 0 
O.M.M.M crop rotation 62. 2 250. 2 62. 2 250. 2 
Grazing acres 152. 5 123. 8 152. 6 123. 8 
Mixed hay 159. 2 159. 2 — 
Land resource (000) acres in VI 77. 0 77. 0 77. 0 77. 0 
Recommended grazing land 77. 0 77. 0 77. 0 77. 0 
Land resource (000) acres in VII 107. 0 107. 0 107. 0 107. 0 
Recommended grazing acres 107. 0 107. 0 107. 0 107. 0 
Water discharged into the stream 
gallons (OOOQ.OO) 13482. 0 13482. 0 13482. 0 13482. 0 
246b 
Expansion in agricultural 
sector only 
Combinations 















































































































TABLE B13. Summary of the results for 1975 optimal solutions 
Items 1975 CB 
Combinations 
CBg CgB (^ 2^ 2 
Aggregate income "million dollars" 691 .0 693 .6 690 .4 693 .3 
From manufacturing 472 .0 472 .3 472 .1 472 .2 
From agriculture 219 .0 221 .3 218 .3 221 .1 
Value of crop products 
(millions) 77 .0 80 .3 76 .4 79 .5 
Value of livestock products 142 .0 141 .0 142 .9 142 .6 
Total employment 44786 .0 44907 .0 44786 .0 44907 .0 
Manufacturing sector 33229 .0 33229 .0 33229 .0 33229 .0 
Agricultural sector 11567 .0 11678 .0 11567 .0 11678 .0 
Total value of assets (million 
dollars) 389 .1 392 .6 389 .1 392 . 6 
Value of assets in manufactur­
ing 82 .1 82 .1 82 .1 82 .1 
Value of assets in agriculture 307, .0 310, .5 307. 0 310. 5 
Soil erosion (000) tons 1000. 0 3110. 0 1000. 0 3113, .0 
Public costs (000) dollars 1505, .0 2600. 0 1505. 0 2600, .0 
Land resources (000) acres in II 232, .0 232. 0 232. ,0 232. 0 
Crop production with no treat­
ment 232. ,0 232. 0 
Force construction of contours 232. ,0 — 232. ,0 
Land resources (000) acres in III 549. ,0 549. ,0 549. ,0 549. ,0 
Crop production - no treatment 1. 9 1. ,9 
100% public finance of costs 326. ,6 324. 7 326. 6 324. ,7 
Utilization for pasture (000) 
acres 222. 4 222. 4 222. 4 222. 4 
Total class IV recommended to be 
drained 283. 0 283. 0 283. 0 283. 0 
Land resource (000) acres in V 374. 0 374. 0 374. 0 374. 0 
O.M.M.M crop rotation 88. 3 341. 3 88. 3 341. 3 
Mixed hay 189. 7 — 189. 7 
Land resource (000) acres in VI 77. 0 77. 0 77. 0 77. 0 
Recommended grazing land 77. 0 77. 0 77. 0 77. 0 
Land resource (000) acres in VII 107. 0 107. 0 107. 0 107. 0 
Recommended grazing acres 107. 0 107. 0 107. 0 107. 0 
Water discharged into the stream 
gallons (OOOQ.OO) 14880.0 14880.0 14880.0 14880.0 
247b 
C3B C3B2 C4B 
Combinations 














































44786.0 44907.0 44786.0 44907.0 44796.0 44907.0 44907.0 44907.0 44907.0 
33229.0 33229.0 33229.0 33229.0 33229.0 33229.0 33229.0 33229.0 33229.0 
11567.0 11678.0 11567.0 11678.0 11567.0 11678.0 11678.0 11678.0 11678.0 
389.1 392.6 389.1 392.6 395.6 399.1 399.1 394.6 394.6 
82.1 82.1 82.1 82.1 88.6 88.6 88.6 84.1 84.1 
307.0 310.5 307.0 310.5 307.0 310.5 310.5 310.5 310.5 
1000.0 3113.0 1000.0 3113.0 1000.0 3110.0 3113.0 3113.0 3113.0 
1505.0 2600.0 1505.0 2600.0 1505.0 2600.0 2600.0 2600.0 2600.0 
232.0 232.0 232.0 232.0 232.0 232.0 232.0 232.0 232.0 
232.0 — 232.0 — 232.0 232.0 232.0 232.0 
549.0 549.0 549.0 549.0 549.0 549.0 549.0 549.0 549.0 
— — 1.9 1.9 1.9 1.9 1.9 1.9 
326.6 324.7 326.6 324.7 326.6 324.7 324.7 324.7 324.7 
222.4 222.4 222.4 222.4 222.4 222.4 222.4 222.4 222.4 
283.0 283.0 283.0 283.0 283.0 283.0 283.0 283.0 283.0 
374.0 374.0 374.0 374.0 374.0 374.0 374.0 374.0 374.0 
88.3 341.3 88.3 341.3 88.3 341.3 341.3 341.3 341.3 
189.7 189.7 189.8 — 
77.0 77.0 77.0 77.0 77.0 77.0 77.0 77.0 77.0 
77.0 77.0 77.0 77.0 77.0 77.0 77.0 77.0 77.0 
107.0 107.0 107.0 107.0 107.0 107.0 107.0 107.0 107.0 
107.0 107.0 107.0 107.0 107.0 107.0 107.0 107.0 107.0 
14880.0 14880.0 14880.0 14880.0 16347.0 16347.0 16347.0 16347.0 16347.0 
TABLE B14. Summary of the results for 1980 optimal solutions 
Items 1980 CB 
Combinations 
CB^  B (=2:2 
Aggregate income "million dollars" 924 .0 926 .8 923 .5 926 .3 
From manufacturing 659 .0 658 .1 659 .2 659 .0 
From agriculture 265 .0 268 .7 • 264 .3 267 .3 
Value of crop products 
(millions) 113 .5 115 .6 112 .9 114 .3 
Value of livestock products 151 .5 153 .1 151 .4 153 .0 
Total employment 56996 .0 56867 .0 56996 .0 56867 .0 
Manufacturing sector 46310 .0 46310 .0 46310 .0 46310 .0 
Agricultural sector 10686 .0 10557 .0 10686 .0 10557 .0 
Total value of assets (million 
dollars) 451, .7 456 .5 451, .7 456 .5 
Value of assets in manufactur­
ing 138. 6 138, .6 138, .6 138, .6 
Value of assets in agriculture 313, .1 317, .9 313, .1 317, .9 
Soil erosion (000) tons 1000. 0 2316, ,0 1000, .0 2313, .0 
Public costs (000) dollars 1961, .0 2600, .0 1961, .0 2600, .0 
Land resources (000) acres in II 232. ,0 232. 0 232. 0 232, .0 
Crop production with no treat­
ment 15. 2 - - 15. 2 
Force construction of contours 232. ,0 216. .8 232, .0 216. 8 
Land resources (000) acres in III 549. ,0 549. ,0 549. ,0 549. 0 
100% public finance of costs 383. ,2 371. ,3 383. ,2 371. ,3 
Utilization for pasture (000) 
acres 165. 8 177. ,7 165. 8 177. ,7 
Total class IV recommended to be 
drained 283. 0 283. 0 283. 0 283. 0 
Land resource (000) acres in V ' 374. 0 374. 0 374. 0 374. 0 
0.M.M.N crop rotation 77. 0 331. 2 77. 0 331. 2 
Grazing acres 55. 5 42. 8 55. 5 42. 8 
Mixed hay 187. 9 187. 9 
Land resource (000) acres in VI 77. 0 77. 0 77. 0 77. 0 
Recommended grazing land 77. 0 77. 0 77. 0 77. 0 
Land resource (000) acres in VII 107. 0 107. 0 107. 0 107. 0 
Recommended grazing acres 107. 0 107. 0 107. 0 107. 0 
Water discharged into the stream 
gallons (OOOQ.OO) 17330. 0 17330. 0 17330. 0 17330. 0 
248b 
C omb inat i ons 
0,8 C,]^ C,B C,.B C^B, C^B, 
913.8 916.6 913.3 916.1 968.2 971.0 970.5 960.3 959.8 
648.8 648.8 648.8 648.8 703.2 702.1 703.2 692.5 692.5 
265.0 267.8 264.5 267.3 265.0 268.9 267.3 267.8 267.3 
113.3 114.7 112.8 114.3 113.5 115.8 114.3 114.7 114.3 
151.7 153.1 151.7 153.0 151.5 153.1 153.0 153.1 153.0 
56996.0 56867.0 56996.0 56867.0 56996.0 56867.0 56867.0 56867.0 56867.0 
46310.0 46310.0 46310.0 46310.0 46310.0 46310.0 46310.0 46310.0 46310.0 
10686.0 10557.0 10686.0 10557.0 10686.0 10557.0 10557.0 10557.0 10557.0 
451.7 456.5 451.7 456.5 460.7 465.5 465.5 465.5 465.5 
138.6 138.6 138.6 138.6 147.6 147.6 147.6 147.6 147.6 
313.1 317.9 313.1 317.9 313.1 317.9 317.9 317.9 317.9 
1000.0 2316.0 1000.0 2313.0 1000.0 2316.0 2313.0 2316.0 2313.0 
1961.0 2600.0 1961.0 2600.0 1961.0 2600.0 2600.0 2600.0 2600.0 
232.0 232.0 232.0 232.0 232.0 232.0 232.0 232.0 232.0 
_ — 15.2 mm — 15.2 — — 15.2 15.2 15.2 15.2 
232.0 216.8 232.0 216.8 232.0 216.8 216.8 216.8 216.8 
549.0 549.0 549.0 549.0 549.0 549.0 549.0 549.0 549.0 
383.2 371.3 383.2 371.3 383.2 371.3 371.3 371.3 371.3 
165.8 177.7 165.8 177.7 165.8 177.7 177.7 177.7 177.7 
283.0 283.0 283.0 283.0 283.0 283.0 283.0 283.0 283.0 
374.0 374.0 374.0 374.0 374.0 374.0 374.0 374.0 374.0 
77.0 331.2 77.0 331.2 77.0 331.2 331.2 331.2 331.2 
55.5 42.8 55.5 42.8 55.5 42.8 42.8 42.8 42.8 
187.9 187.9 187.9 
77.0 77.0 77.0 77.0 77.0 77.0 77.0 77.0 77.0 
77.0 77.0 77.0 77.0 77.0 77.0 77.0 77.0 77.0 
107.0 107.0 107.0 107.0 107.0 107.0 107.0 107.0 107.0 
107.0 107.0 107.0 107.0 107.0 107.0 107.0 107.0 107.0 
17330.0 17330.0 17330.0 17330.0 18814.0 18814.0 18814.0 18814.0 18814.0 
TABLE B15. Summary of the results for 1985 optimal solutions 
Combinations 
Items 1985 CB CB^  C^ B 0^ 62 
Aggregate income "million dollars" 1194.2 1196.7 1193.7 1196.0 
From manufacturing 920.2 920.0 920.2 920.3 
From agriculture 274.0 276.7 273.5 275 .7 
Value of crop products 110.6 112.6 110.3 107.0 
Value of livestock products 163.4 164.1 163.2 168.7 
Total employment 55586.0 55586.0 55586.0 55586.0 
Manufacturing sector 46310.0 46310.0 46310.0 46310.0 
Agricultural sector 9276.0 9276.0 9276.0 9276.0 
Total value of assets (million 
dollars) 487.6 491.9 487.6 496.2 
Value of assets in manufactur­
ing 155.2 155.2 155.2 155.2 
Value of assets in agriculture 332.4 336.7 332.4 341.0 
Soil erosion (000) tons 1000.0 2286.0 1000.0 2309.0 
Public costs (000) dollars 2104.0 2600.0 2104.0 2600.0 
Land resources (000) acres in II 232.0 232.0 232.0 232.0 
Force construction of contours 232.0 232.0 232.0 
Land resources (000) acres in III 549.0 549.0 549.0 549.0 
1007. public finance of costs 349.6 249.2 349.6 275.2 
507. public finance of costs — 95.9 27.7 
Utilization for pasture (000) 
acres 199.4 203.9 199.4 246.1 
Total class IV recommended to be 
drained 283.0 283.0 283.0 283.0 
Land resource (000) acres in V 374.0 374.0 374.0 374.0 
O.M.M.M crop rotation 83.6 341.8 83.6 354.7 
Grazing acres 18.1 13.3 18.1 
Mixed hay 192.5 192.5 
Land resource (000) acres in VI 77.0 77.0 77.0 77.0 
Recommended grazing land 77.0 77.0 77.0 22.0 
Land resource (000) acres in VII 107.0 107.0 107.0 107.0 
Recommended grazing acres 107.0 107.0 107.0 107.0 
Water discharged into the stream 
gallons (000) 21731.0 21731.0 21731.0 21731.0 
249b 
C3B C3B2 C4B 
1183.9 1186.4 1183.4 
909.9 909.7 909.9 
274.0 276.7 273.5 
110.6 112.6 110.3 
163.4 164.1 163.2 
Combinations 
C4B2 C5B 
1185.7 1165.7 1168.2 
909.9 891.7 891.5 
275.8 274.0 276.7 
107.1 110.6 112.6 
168.7 163.4 164.1 
1167.6 1155.6 1156.1 
891.9 878.9 881.4 
275.7 276.7 275.7 
107.0 112.6 107.0 
168.7 164.1 168.7 
55586.0 55586.0 55586.0 55586.0 55586.0 55586.0 55586.0 55586.0 55586.0 
46310.0 46310.0 46310.0 46310.0 46310.0 46310.0 46310.0 46310.0 46310.0 
9276.0 9276.0 9276.0 9276.0 9276.0 9276.0 9276.0 9276.0 9276.0 
487.6 491.9 487.6 496.2 488.4 491.3 495.6 491.3 491.3 
155.2 155.2 155.2 155.2 154.6 154.6 154.6 154.6 154.6 
332.4 336.7 332.4 341.0 332.4 336.7 341.0 336.7 336.7 
1000.0 2286.0 1000.0 2309.0 1000.0 2286.0 2309.0 2286.0 2309.0 
2104.0 2600.0 2104.0 2600.0 2104.0 2600.0 2600.0 2600.0 2600.0 
232.0 232.0 232.0 232.0 232.0 232.0 232.0 232.0 232.0 
232.0 232.0 232.0 232.0 232.0 232.0 232.0 232.0 232.0 
549.0 549.0 549.0 549.0 549.0 549.0 549.0 549.0 549.0 
349.6 249.2 349.6 275.2 349.6 249.2 275.2 275.0 275.2 
95.9 27.7 95.9 27.7 95.9 27.7 
199.4 203.9 199.4 246.1 199.6 203.9 246.1 203.9 246.1 
283.0 283.0 283.0 283.0 283.0 283.0 283.0 283.0 283.0 
374.0 374.0 374.0 374.0 374.0 374.0 374.0 374.0 374.0 
83.6 341.8 83.6 354.7 83.6 341.8 354.7 341.8 354.7 
18.1 13.3 18.1 — — 18.1 13.3 13.3 - — 
192.5 192.5 192.5 
77.0 77.0 77.0 77.0 77.0 77.0 77.0 77.0 77.0 
77.0 77.0 77.0 22.0 77.0 77.0 22.0 22.0 77.0 
107.0 107.0 107.0 107.0 107.0 107.0 107.0 107.0 107.0 
107.0 107.0 107.0 107.0 107.0 107.0 107.0 107.0 107.0 
21731.0 21731.0 21731.0 21731.0 23314.0 23314.0 23314.0 23314.0 23314.0 
TABLE 316. Manufacturing's growth over time: Total value added by each major group industry, 
$ (000,000) and average value added per worker, $ (000) 
1970 1975 1980 1985 
Total Average Total Average Total Average Total Average 
value per value per value per value per 
Major group Industry S.I.C. added worker added worker added worker added worker 
Food and kindred products 20 24, 76 11. 2 32. 90 13. 7 56. 16 16. 4 63. 2 18, .5 
Apparel and related products 23 10. 77 8. 0 13. 00 8. ,4 22. 27 8. 7 23. 9 9, .3 
Lumber and related products 24 3. 65 8. ,7 6. ,17 9. ,5 18. ,30 11. ,1 20. ,8 12, .8 
Furniture and fixture 25 6, ,03 9. ,6 8. ,2 9. ,9 18. ,90 10. ,3 20. ,2 12, .1 
Pulp paper and products 26 2. ,59 11. ,1 5. ,21 12. ,0 20. 76 14. ,5 23. ,0 16 .0 
Printing and publishing 27 24. ,13 12, ,8 30. ,66 14, ,8 51, .37 16. ,7 55, .7 18 .4 
Chemical products 28 18, .69 28, .5 26, .10 30, .5 62, .84 33. 8 64, .8 34 .8 
Leather and leather goods 31 3, ,23 7, .7 5, .40 8, .6 15, .03 9. ,2 16, .0 9 .9 
Stone, clay and glass prod. 32 10, .51 14, .0 14, .69 15, .5 31, .85 16, .3 35, .8 18 .3 
Primary metal industry 33 33, .98 14, .0 40, .78 15, .5 61, .78 17, .0 65, .8 18 .0 
Fabricated metal products 34 87 .23 14 .1 92 .61 14 .5 112, .48 15, .2 125 .1 17 .0 
Machinery, except electrical 35 44, .75 13, .8 52 .19 15 .0 76 .21 17, .0 80, .8 18 .0 
Electrical machinery 36 78 .85 16 .8 90 .96 18 .6 114 .67 19, .5 167, .4 16 .7 
Transportation equipment 37 13 .96 11 .2 18 .36 12 .8 35 .47 14 .5 38 .8 15 .0 
Instrument and related prod. 38 44 .37 16 .8 53 .52 18 .7 78 .91 20 .5 86 .6 22 .5 
Miscellaneous manufacturing 39 12 .07 11 .4 16 .04 11 .9 32 .86 14 .0 36 .3 15 .4 
^Source: Optimal solutions for the above years where Basin's coefficients were utilized. 
